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Rotax 
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AIRCRAFT MANUFACTURERS! 


these complete Rotax facilities ‘ 


are available to you! 


Rotax facilities offer the finest designers, technicians and 
engineers. Backed by all the carefully planned, minutely 
equipped services and departments behind Rotax elec- 
trical and starting systems they are always at your service. 
Equipment? Everything from electronic instruments to 
multi-generating system test units. We can also provide 
test rigs covering the complete range of our products for 
use On your premises. 

All these together make Rotax facilities the most com- 
prehensive in the industry. Why not make full use of them? 


On the right are views of: 
1. Control Systems Laboratory 
2. Generating Systems Laboratory 
3. Design Department 


For full details of our facilities available for your use, 
please write or phone Rotax. 


The finest after-sales service in its field 
@ Rotax Field Service Engineers available round theclock. 
e@ Prompt on-the-spot diagnosis of trouble. 

@ Every part of the world is covered by Rotax service. 


@ This After Sales Service is available to all users of our 
equipment. 


Complete Electrical and Starting Systems for your future designs 


ROTAX LTD., WILLESDEN JUNCTION, LONDON, N.W.10 
ELGar 7777 


Lucas-Rotax (Australia) Pty. Ltd., Melbourne and 
Sydney, Australia. 

Lucas-Rotax Ltd., Toronto, Montreal and 
Vancouver, Canada. 
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Ferranti Ceramic to Metal Seals have 
been developed to overcome the limits 
imposed upon valve performance by the 
use of conventional glass to metal seals. 
They perform so successfully that uses 
are apparent in other fields, particularly 
as terminals for vacuum and pressure 
vessels operated at elevated and sub- 
normal temperatures. 


j 

& 

3 
Ps 


a Bates ST be z 4, 
Operating Temperature 20.0.0.0.0.........:cccseseseseeeee intermittent 700°C maximum. 
continuous 300°C - 450°C dependent on atmosphere. 
Operating Pressure ..... ‘ at least 100 atmospheres, depending on direction of 
compression. 
Mechanical Strength ....................:cscsscscssescseseees shearing force = 2,500 Ibs per square inch of seal area. 
a sacs ncarsiemaaneddbndonthpani breakdown voltage in air is greater than 24 kV per inch 


of ceramic between seals. 


BD BOAO acces cncetcscststsicncensssionsocrscieecess 10"? to 10'S ohms, at room temperature between two metal 
(Typical) rings separated by 0°3” of clean ceramic surface on a seal 
0°440” in diameter. 
High Frequency Performance ....................0..00+ loss of 56 watts when 1 kW C.W. is passed through a 
(Typical) seal incorporated in a ceramic-filled X-band circular 
wave-guide. 
APPLICATIONS 


The mechanical and electrical properties listed above suggest a wide variety of uses, 
a few of which are given below :- 


Microwave and ordinary valve envelopes. 

Semi-conductor envelopes. 

Terminations for single and multicore cables. 

Terminals and leads for vacuum and pressure vessels in atomic energy projects. 
Thermocouple seals for furnaces. 


FERRANTI LTD * GEM MILL * CHADDERTON - OLDHAM ° LANCS 
London Office: KERN HOUSE, 36 KINGSWAY W.C.2. 
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FIRST CLASS 


@ # 


STOCKS 


are always immediately available at our 

warehouse, where we carry an extensive 

range of sheets, strips, bars, tubes, angles and 

extruded sections in aluminium and alum- 2 
inium alloy. We are approved stockists of 

materials conforming to AID, ARB, IA and 

IFV specifications, as well as commercial 

grades. Our reputation for helpfulness is 

based on speedy and efficient service at all 

times to all parts of the country. 


For aluminium ring 


BOWES PARK 8431 


W. Wilson & Sons (London) Ltd 


114 Nightingale Road London N.22 
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Ei i Bip Age 7 ae ek ES Sp ae | 


eee are 


ARMSTRONG SIDDELEY MOTORS LTD. 
ARMSTRONG SIDDELEY (Brockworth) LTD. 

Sir W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD. 
BRISTOL AERO ENGINES LTD. 

BRISTOL AIRCRAFT LTD. 

BRISTOL AIRCRAFT LTD. (Weston Works) 

HAWKER AIRCRAFT (Blackpool) LTD. 


The ABBEY PANEL & SHEET METAL CO. LTD. 


BAYTON ROAD - COVENTRY - TEL: BEDWORTH 207! PBX. 


A.LD. A.R.B. and C.LA. Approved. 
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RE RN i 


FROM HURRICANE 
TO HUNTER 


... first in airborne 
fire protection equipment 


GRAVINER MANUFACTURING COMPANY LIMITED - COLNBROOK - BUCKS - Telephone: Colnbrook 2345 (6 lines) 


Specialists on Industrial Thermostats. Overheat Switches and Industrial Erplosion Protection Equip 


GS. 
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THE DEEP PRESSINGS FOR THE ENGINE NACELLES OF THE DE HAVILLAND 


COMET ARE PRODUCED IN HIDUMINIUM 66 (SPECIAL PROCESSED SHEET) 


Hiduminium 


makes the most of 


Aluminium 


HIGH 
DUTY 
ALLOYS .+. 


SLOUGH BUCKS 
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Increasing numbers. of “tiodetn -diferaft- incorporate “ 


Boulton: Paul powered flying controls in their design:: 


Why is this? Because Boulton Paul Power Controls 


ate. “sensitive, 


reliable and. .safe.> 


accurate, . stable, 
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----but for INDUS TRwyY 


REDCAPS 


These neat, bright red caps improve 
the appearance, add a splash of colour 
and — so important — protect in 
hundreds of ways. 


You can use Redcaps on machined 
components of every description and 
there is a wide range of sizes. 


Write to us for samples and 
full details. Please state 
whether American or B.S.P. 
threads, or non-thread taper 


type. 


SUPER OIL SEALS & GASKETS LTD., 
FACTORY CENTRE, BIRMINGHAM, 30. 


Manufacturers of ‘SuPerfect’ Oil Seals, Hydraulic 
Packings and ‘O’ Rings; ‘Romet’ water pump seals and 
mechanical pump seals; ‘Aeroquip’ Flexible Hose with 
detachable, re-usable fittings ; ‘Fidrac’ mechanical rubber 
mouldings. 
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AMERICAN 


. BOSCH-ARMA dela 
CORPORATION Rn 


A vital link 


j has been forged between the American Bosch- 

~ af Arma Corporation of the United States of America 
and the world famous British firm 

S. G. Brown Ltd. of Watford, England. 


This link enables the technical 
resources of S. G. Brown Ltd. to 
be greatly strengthened by the 


recognised vast research facilities 
° 2 P . ll hy ‘, 

of the American Bosch-Arma Corporation 
= particularly in the field of 2 Degree a 
é Flotation Gyroscopes. The initial result of this z 

‘ : . —_— “ - 
; link is the production, by S. G. Brown Ltd. > ai - 
ss . oe 
= of the Arma-Brown Gyroscopic Compass for > 


use at sea, on land and in the air. & S. G. BROWN LTD. j 


S. G. BROWN LTD. 


SHAKESPEARE STREET - WATFORD - HERTS - Tel: WATFORD 27241 
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The 
Worla’s fastest 


ROTODYNE sets new world record at 7 m.p.h. 


Fairey’s Rotodyne vertical take-off airliner has established _ FLA. Confirmati 
, i " " ubject to 1’ 1.A4, Confirmation 
itself as the fastest rotorcraft in the world. On 5th om ) 
January, 1959, it flew round a 62 mile closed-circuit record 


course at an officially observed average speed of 191 


m.p.h. for a new world convertiplane speed record—at 

cruising power and operationa/ weight. 

This record, almost 50 m.p.h. faster than the correspond- 

ing helicopter record ard 30 m.p.h. faster than the 

absolute speed record for helicopters, confirms Fairey’s [0 He 
claim that the true V.T.O. airliner is here, now, for city- 


centre to city-centre journeys, needing no expensive 
Powered by Napier Eland turbo-props 


airficlds, wasting no valuable time. 


HAYES - MIDDLESEX 
ENGLAND - AUSTRALIA - CANADA 


THE FAIREY AVIATION COMPANY LIMITED 
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SINEWS OF WAR 


INCE our previous issue estimates for all three 

Fighting Services have been published. It is there- 

fore pertinent to draw attention to the fact that at 
the end of the week review notices have been appearing 
of an American book just published in this country, 
“War and Peace in the Space Age.” This is the auto- 
biography of Lieut.-General James Gavin who, as 
Assistant Chief of Staff to the U.S. Army for Research 
and Development, retired at the beginning of 1958. Air 
Marshal Saundby reviewed the American version on 
October 31 last. It was good to see that one of General 
Gavin’s most telling phrases was quoted in the Sunday 
Times: 

Limited war is a more highly specialized form of combat 


than global nuclear war. . . . It makes little sense to 
assume that since one has the power to Wage general war 
successfully, by using a little bit of that capability you have, 


ipso facto, a little war. A thermonuclear-equipped B.52 can 

contribute little more to the solution of a limited local war 

than a 155-mm. gun can contribute to the apprehension of 

a traffic violator. 

It is exactly this point which makes it so important 
that our Fighting Services should be equipped not only 
for all-out nuclear warfare, but also for limited warfare 
in the atomic age. How difficult it is to keep this point 
before the public is emphasized in the Memorandum to 
the Air Estimates where it is made clear that recruiting 
for aircrew has suffered considerably from the amount of 
publicity which was given to the replacing of manned 
aircraft by missiles. As this year’s Defence White Paper 
has emphasized, the manned aeroplane is far from 
disappearing. 

When one considers the implication of the formation 
of the new republic of Cyprus, of the effect on the 
sheikdoms surrounding Aden of the forthcoming inde- 
pendence of Somaliland and, lastly, the whole political 
ferment of Africa, it must be clear to even unthinking 
persons that only by the maintenance of the most mobile 
and long-range military and air forces can the com- 
ponents of the British Commonwealth be knit together. 

It is with such thoughts in mind that the news of the 
order for the Short Brothers Britannic is so particularly 
welcome. It is worth noting that according to the Army 
Memorandum it took eight days to move the 16th 
Parachute Brigade Group and the Ist Guards Brigade 
Group by air to Cyprus. And the two Brigade Groups 
were largely equipped from the stockpile already on the 
island. If we remember correctly, Hitler occupied the 
whole of Holland within three days, and he had to fight. 
We cannot afford to comfort ourselves with the thought 
that considering the equipment of R.A.F. Transport 


Command it was wonderful to move two Brigade 
Groups in a week. The criteria must be the size of force 
that has to be moved, the distance it has to be flown 
and the time that is available to do the job. When one 
looks at the map which accompanies the Memorandum 
to the Army Estimates it is quite clear that the sooner 
the Britannics are delivered and operational the better. 

The Army Memorandum lays stress upon the 
importance of air mobility and apart from heavy tanks, 
which it is said cannot be transported by air, air-portable 
equipment which is either in service or planned includes 
the Mobat anti-tank gun and light vehicles for the 
infantry, Ferrets and Saladins of the Royal Armoured 
Corps, an advanced guided anti-tank missile and the 
Thunderbird surface-to-air guided weapon. 

The only reference to Army helicopters is to the 
Skeeter, which “is now coming into service” as a 
reconnaissance aircraft. No mention is made of flying 
cranes or large carriers such as the Westminster or 
Rotodyne. 

It will be generally noted with approval from the 
Air Estimates that the British contribution to NATO’s 
air power is to be strengthened by the replacement of 
the Canberra B6 with the Valiant now that the 
strategic deterrent force of Bomber Command is being 
re-equipped with Vulcan Mk. II. Later the Victor 
MK. II will be available; the first of these aircraft made 
its first flight a few days ago. 

It is interesting to note that the Air Estimates are up 
by some £23 million to £490,800,000. Of this, 424% 
represents the cost of personnel, and of the balance 
£207 million is for aircraft and equipment. This is 
about £9 million more than last year—jargely accounted 
for by increased expenditure on guided weapons. 

The Memorandum discloses that the readiness of 
Bomber Command today is such that six minutes is now 
the standard time between signals to the crews in the 
crew room and time of take-off. The Memorandum 
lays emphasis upon the continued need for fighters, 
which are necessary to prevent reconnaissance by 
manned aircraft, to investigate unidentified movements 
and to deal with the stand-off bomber and jammer. 

The Navy Estimates disclose that a number of front- 
line squadrons of Whirlwind helicopters have been, 
formed and an order placed for the Wessex, which will 
become the Navy’s first gas-turbine-powered helicopter. 
Lord Selkirk observes in his Memorandum that the 
introduction of these helicopter squadrons is making the 
Navy’s anti-submarine forces more effective and flexible. 
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Matters of Moment 


The Gatwick Accident 


N February 17 a Viscount 794 of the Turkish national 

airline, carrying the Turkish Prime Minister and his staff 
for the signing of the tripartite treaty on Cyprus, crashed while 
on its approach to Gatwick Airport. 

The aircraft had flown from Istanbul to London via Rome 
and had been diverted from L.A.P. to Gatwick. It was on 
final approach to runway 09 when it crashed into Jordan’s 
Wood, near Rusper, about 34 miles west of the airport. The 
085° approach to Gatwick is that normally used and has ILs 
and glidepath facilities as well as full line-and-bar approach 
lighting system. 

Where the Viscount hit the ground the level. is, in places, 
about 270 ft. above that at the airport, but, at this point, it 
should have been at a height of about 1,000 ft. in relation to 
the runway if it had been making a normal approach with 
ILS assistance. The weather conditions at the time included 
visibility of one nautical mile and one-eighth cloud at 800 ft. 

The Turkish Prime Minister, Mr. Menderes, was among the 
10 survivors. The 15 victims included Mr. Abdullah Parla, 
managing director of Turkish Airlines, and the chief pilot, 
Maj. Munir Ozbek. 

Speaking in the House of Commons on February 18, Mr. 
Harold Watkinson, Minister of Transport and Civil Aviation, 
said that the pilot was using 1Ls. It seems the aircraft's progress 
was also being watched or monitored by radar at Gatwick, but 
not by Gca. 

There was inevitably some speculation about the cause of 
the crash which, in the public view, seems uncomfortably like 
that involving an Electra near La Guardia on February 3. 
Another accident of a similar nature was that to a Central 
African Airways’ Viscount on the approach to Benina on 
August 9, 1958. It can too easily be assumed that the pilot 
might have been incorrectly informed about his height—as, for 
instance, could happen had the barometric pressure been 
incorrectly set into the altimeter. Although visibility was 
poor, the ground would not have been obscured and some 
daylight still remained. 


The New M.T.C.A. Secretary 


R. LUDOVIC J. DUNNETT, C.B., C.M.G., who is 45, 

has been appointed Permanent Secretary of the Ministry 
of Transport and Civil Aviation in succession to Sir Gilmour 
Jenkins, K.C.B., K.B.E., M.C., who is to retire from public 
service on March 31. 

Educated at the Edinburgh Academy and University College, 
Oxford, Mr. Dunnett entered the Air Ministry in 1936, and 
from the following year until 1944 was private secretary to the 
Permanent Secretary. From 1944 to 1946 he was in the Over- 


seas Civil Aviation Division of the Civil Aviation Department. 
He became Head of Planning at the Ministry of Civil Aviation 
in 1946 and held that post for two years, when he was 
appointed Under Secretary. 


MEN IN THE NEWS.—Left to right are: Sir Ivan A. R. 

Stedeford who is the new chairman of the British Aluminium 

Co., Ltd. (see page 239) and Mr. E. D. Keen and Mr. C. 

Bayly, recently appointed executive directors of Armstrong 
Whitworth Aircraft. 


In 1951 Mr. Dunnett was 
transferred to the Ministry of 
Supply as Under Secretary (Air), 
and two years later became 
Deputy Secretary. Last year he 
was transferred to the M.T.C.A. 
as Deputy Secretary. 

The retiring Permanent Secre- 
tary, Sir Gilmour Jenkins, was 
appointed to that post in the 
Ministry of Transport in 1947, 
and when that department 
merged with the M.C.A. in 1953 
he held a similar post at the 
combined Ministry. During the 
Second World War he was 
Deputy Director-General of the 
Ministry of War Transport. 


Mr. L. J. Dunnett. 


A.W.A. Board Changes 


(wanes SUCCESSES in the aeroplane and missile fields 
are reflected by two new appointments to the board of 
directors of Sir W. G. Armstrong Whitworth Aircraft, Ltd. 
Mr. E. D. Keen, B.Sc., F.R.Ae.S., A.F.LA.S., chief designer, 
and Mr. C. Bayly, chief engineer of the armament division, 
have been made executive directors. 

Mr. H. M. Woodhams, C.B.E., has been elected chairman and 
retains his position as managing director. Other directors 
elected to the A.W.A. board are Mr, F. Martin, the company’s 
commercial manager; Mr. J. T. Lidbury and Mr. J. A. R. 
Kay—joint managing directors of Hawker Siddeley Aviation, 
Ltd.—and Mr. §. D. Davies, another director of Hawker 
Siddeley Aviation, Ltd. These changes follow the recent 
rearrangement of the Hawker Siddeley Group’s aviation interests 
into a single division controlled by a governing company. 

Mr. Keen joined Armstrong Whitworth in 1929 as a technical 
assistant in the company’s structural testing laboratory, and 
two years later moved to the stress department. In 1939 he 
was appointed research engineer and deputy chief technician 
and in 1949 became assistant chief designer. Mr. Keen has been 
chief designer of A.W.A. since 1955. 

Mr. Bayly, who has been with A.W.A. since 1955, has been 
closely associated with guided weapons technology for some 
considerable time. He had much to do with the setting up of 
the Long Range Weapons Establishment at Woomera where 
he spent many years. Prior to joining the Armstrong Whitworth 
team, he was, from 1951, rocket motor design manager at 
LC.L. 


Views on the Weather-eye Satellite 
IL. G. Why writes— 

N February 17 the United States launched into orbit round 

the Earth the World’s first reconnaissance satellite, and 
in doing so began a new chapter to the story of synoptic 
meteorology. It also proved, once and for all, that the much- 
maligned, unlucky three-stage Vanguard rocket was fully up to 
its designers’ expectations, for the satellite it bore aloft was a 
sphere 20 inches in diameter, weighing 21 lb.—exactly as 
planned more than three years ago. (See THE AFROPLANE for 
June 28, 1957.) 

Vanguard II, the latest addition to the Earth’s satellite 
family, moves in a highly elliptic orbit, ranging from a 335-mile 
perigee to a 2,050-mile apogee in a period of 126 minutes. It 
was fired from Cape Canaveral into an orbit inclined at 35° to 
the Equator and cannot therefore be seen from this country. 

Preliminary results are likely to be concerned with discovering 
what needs to be done to improve future weather satellites. 
Questions of contrast, resolution, optimum wavelength of filters, 
area coverage, correlation with satellite attitude, scan speed 
and a host of other points need to be established. Even the 
high eccentricity of Vanguard II's orbit, while apparently com- 
plicating the issue, may, in the end, prove to be an asset. 

At this stage considerable uncertainty must exist as to the 
true value of weather satellites. It may be that a far more 
sophisticated vehicle will be necessary, requiring a heavier 
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NUMBER FOUR.—These new air-to-air photographs of the 
Blackburn NA.39 strike aircraft for the Royal Navy, powered 
by two de Havilland Gyron Juniors, are of the fourth aircraft 
and are the first to show it in a naval colour scheme. 
Discussions between Blackburns and the West German 
Defence Ministry regarding the NA.39 are shortly to take place. 


launching rocket and greater expense and effort. But however 
crude this first satellite may be, the data it yields are certain 
to be of use to future aspirations, and many similar experiments 
designed to measure the terrestial thermal energy balance are 
needed. Polar orbits should be attempted to give complete 
world coverage, and a more concentric orbit would provide 
additional uniformity. 

Nor should it be forgotten that an earthly orbit is a valuable 
proving ground for testing and perfecting the satellites that 
will soon be ranging out to the planets. The planetary probes 
and circum-lunar satellites will need to be reliable, well-tried 
devices if the effort of putting them into space is to be worth 
while. Nor is it unreasonable to hope that the U.K. will soon 
be entering this new scientific field. 

A.E.S. Writes :— 

Too much must not be expected in the way of cloud photo- 
graphs from the Vanguard II “weather satellite ” launched 
from Cape Canaveral on February 17. It is not carrying a 
television camera but a couple of photo-electric cells. 

Discussing “ meteorological measurements from a satellite 
vehicle,” W. G. Stroud and W. Nordberg recommend a 
cylindical vehicle spinning on its axis, the axis being at right- 
angles to the plane of the satellite’s orbit. Their model has 
three photocells, one looking out in the plane of the orbit and 
the others 45 deg. to either side of it, each cell having an 
aperture of 5 deg. As the cylinder spins round at a height of 
500 km. (310 miles), each photocell scans a strip, of width 
varying between 15 and 60 miles. Thus any picture derived 
from their telemetered information would not be complete. 

The present satellite differs from the proposed one by being 
spherical instead of cylindrical, having two photocells instead 
of three, and travelling in an orbit varying in altitude between 
335 miles at perigee and 2,050 miles at apogee, in a plane 
inclined 35 deg. to the equator. 

For general forecasting, the formation and movement of 
fronts of depressions are the most useful features to watch. 
Of these, warm fronts provide the widest strips of cloud, usually 
several hundreds of miles across, while the width of a cold 
front cloud-strip is unlikely to exceed a few tens of miles. 

With a 5-deg. aperture for the photocells, the width of the 
strip each one can scan will vary from about 30 to 120 miles at 
perigee to about 180 to 350 miles at apogee. They may, 
therefore, show a hurricane as a localized blob but would be 
unable to reveal its characteristic spiral structure. 

For the future, we must look forward to more and more 
efficient scanning by subsequent satellites till they can carry a 
complete television broadcasting outfit. Even then, they will 
have to circle the Earth at well above 10,000 miles if they are 
to show the greater part of a whole hemisphere. At 22,000 
miles above the surface, a satellite would circle the Earth once 
every 24 hours. 


a ae so : 0 EP ee 


Electronics and Air Traffic Control 
PEAKING at the annual luncheon of the Electronic 
Engineering Association in London on February 23, Mr. 

Harold Watkinson, Minister of Transport and Civil Aviation, 
referred to the intention of his Ministry and the Air Ministry 
jointly to set up a comprehensive radar system which is to 
cater for the Air Traffic Control requirements of all users as 
necessary. A reference to this had been made in the House of 
Commons on November 5 last but at the luncheon Mr. 
Watkinson referred to his hope that such a unified control might 
be extended over the Atlantic and elsewhere as necessary. He 


SHORT ACTIVITIES.—On February 20 the Earl of Selkirk, First Lord of the — (third from left), visited Belfast to 


discuss the Short Seacat surface-to-air missile; with him here are, left to right, 


ear Admiral Sir Matthew Slattery, 


Mr. H. G. Conway, and Capt. R.E. Washbourn. On the right, concerned with Britannic development are: Mr. R. Boorman, 
chief technical engineer; Mr. C. D. Hatton, chief designer, Britannic; and Mr. J. R. Lewin, chief airworthiness engineer. 
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was replying to the toast of the guests which had been proposed 
by Mr. F. S. Mockford, the retiring chairman of the Association. 

[Preliminary details of the radar coverage system mentioned 
by Mr. Watkinson appeared in THe ArropLaNne for June 27 
last.—Ep.] 

From 1944 leading British manufacturers in the radio com- 
munication and electronics industry have been grouped in the 
body which since early in 1958 has been known as the Elec- 
tronic Engineering Association. Its report for the year ended 
December 31, 1958, has just been published. 

Considerable emphasis is given in this to equipment supplied 
by its members for purposes of defence. One E.E.A. member 
has received orders worth about £1 million from the Norwegian 
Ministry of Defence as part of a NATO programme for 
co-ordinated radar defence. Sweden has ordered the same radar 
and control equipment as is used for the Bristol Bloodhound. 
The Federal German Ministry of Defence is the sixth European 
country to order a British medium-range radar. Sting-ray 
equipment is being made available to NATO and Common- 
wealth countries. An important order was won by an Associa- 
tion member against strong competition from the U.S. and 
Europe for £1 million worth of airborne anti-submarine radar 
for the R.C.A.F. The Royal Danish Navy is being supplied 
with British air warning radar for ships. 

In the specific field of aviation the Report recalls that the 
equipment so successfully used by the Blind Landing Experi- 
mental Unit at Bedford has mostly been developed specifically 
for the job by industry. It is recorded that a key instrument 
in the system is a particularly accurate radio altimeter operating 
on frequency modulation. Flight-processing systems and 
Doppler navigation have a prominent mention. 

It is good to learn that one company reports it has received 
orders for well over £1 million for a crystal-controlled type of 
50-cm. radar. Orders have come from Belgium, France, 
Germany, Switzerland, South Africa, Hong Kong and New 
Zealand. Stockholm and Gothenburg are among the airports 
demanding the latest type of British long-range air surveillance 
facilities. 

Reference is made to the newly formed Air Transport 
Electronics Council which it is hoped will provide the 
machinery and driving force to effect the standardization of 
aircraft equipment and associated literature. A.T.E.C. will also, 
it is hoped, improve liaison with the Society of British Aircraft 
Constructors, particularly at the technical level. 


Riddle and the Argosy 


PROVISIONAL order for the A.W.650 Argosy freighter 
has been placed by Riddle Airlines, Inc., the all-freight 
operator of Miami, Florida. Arrangements are being made 
for one or more of the pre-production batch of 10 Argosies 
to be used by Riddle for route proving, and the final contract 
will be negotiated on the basis of these tests. Up to a dozen 
Argosies might be required by Riddle Airlines to replace its 
present fleet of 32 Curtis C-46s and three DC-4s. 
This is the first civil order negotiated for the Argosy, which 
first flew on January 8. About 25 are to be purchased by the 
R.ALF. 


Missile-system Studies 


|* a lecture before the Astronautics and Guided Flight Section 
of the Royal Aeronautical Society on February 12, Mr. 
E. G. C. Burt, head of the Dynamic Analysis Division of 
the R.A.E., discussed theoretical studies of guided-missile 
systems. He emphasized that significant gains in the accuracy 
and engineering simplicity of missiles could be achieved by 
considering the guidance and control philosophy of the com- 
plete system as opposed to energetic but piecemeal concentration 
on sub-goals. 

Part of Mr. Burt’s paper was devoted to the design of missiles 
for minimum miss-distance. Major factors in this design are 
the manceuvrability of the target and the random distur- 
bances in the missile system whose precise behaviour cannot 
be pre-calculated: these disturbances are known collectively 
as “noise.” They range from instrumental errors in guidance 
and control to wind effects and variations in propulsive thrust; 
“ noise,” in this context, includes practically every effect except 
noise. If these disturbances were not random ones, they could 
be predicted and their effect removed by appropriate calibration. 

The optimum strategy for an attacking missile depends on an 
estimate of the manceuvre capability of the target. But if the 
target does not use its maximum evasive manceuvre the miss 
distance is not greatly reduced. If the target does not want 


to use time and fuel in taking unnecessary evasive action, its 
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CONTRACT SIGNED.—Mr. George L. Giles (seated, right) 

president of Riddle Airlines and Mr. C. S. Emery (left) sales 

director of A.W.A., sign the provisional order for Argosies 
reported on this page. 


best strategy is to have—or make the defence believe it has 
a high manceuvre capability and then not to use it. 

This is unsatisfactory from the defence point of view, as 
it is being bluffed by the target. A possible way out is to 
optimize the system in the light of the prevailing situation. 
This can be done by adjusting the parameters of the missile 
loop during its flight. 


The End of the Arrow 

HE Canadian Prime Minister, Mr. Diefenbaker, announced 

on February 20 that development of the Avro Arrow all- 
weather interceptor was to be ended. This follows the 
reassessment of its future announced last year. The air defence 
of Canada is to be integrated with that of the United States, 
and Canada will rely mainly on the Bomarc surface-to-air 
missile. Nuclear warheads are to be used for these missiles, 
but they will remain under U.S. control. 

Some £108 million has been spent on the development of the 
Arrow and its Iroquois engine. Although development was 
successful, the aircraft could not have been in service until 
mid-1962, by which time ballistic missiles could be the major 
threat to Canada. 

One-third of the cost of introducing Bomarcs and the SAGE 
air-defence system and of extending the Pinetree radar line will 
be paid by Canada. The Canadian contribution will cover 
construction of the bases, and Canadian industry will also share 
in the production of the technical equipment. 

The Arrow decision is a big blow to Canada’s aircraft 
industry. The companies involved gave dismissal notices to 
nearly 14,000 workers after Mr. Diefenbaker’s announcement, 
which was not encouraging about future prospects for the 
industry. He said that no other Government work could be 
given to the Avro companies. 


Sir George Beharrell 


T is with great regret that we record the death of Sir George 

Beharrell, D.S.O., on February 20 at the age of 85. Sir 
George had been closely associated with the aircraft industry and 
aviation both as a member of the board, and subsequently as 
chairman, of Imperial Airways and as chairman and, later, 
president of the Dunlop Rubber Co., Ltd. 

During the First World War he held a succession of impor- 
tant appointments in the Ministry of Munitions and the 
Admiralty. In 1919, when the Ministry of Transport was formed 
he became its Director-General of Finance and Statistics. Two 
years later he became financial advisor to the Geddes Com- 
mittee on National Expenditure—thus continuing his associa- 
tion with Sir Eric Geddes that had started during the War. 

Sir George had become a director of Imperial Airways when 
it was formed in 1924 and he succeeded Sir Eric Geddes 


a eee 3 pn) ee ne eee t ad) REO Sas Tie, ot Ge ae 
eae Se eas Ra) Ses ee a ee «gz Sees 22 Sa 
(ae. ; ame Gem ee Ne: a ee a l= Bete 38 aa: el 
eo hg eres amram 5S ee ee. : . a ake 
Ss Bei jay gi8 ben) ey Remy 2. | en Se ee ; a RO ee —_ : 
be SR pe . : ‘ ; F + . rs t md a 
_ ia aes SS ee : : : . _ . a S 
ya - ’ . ‘ ‘ " . i . . 2 
ae 
ae 
EE ee 
a oe 
ee ie a 
Be ia ee | a 
peti 
eee Yc ae) 
Pe 4 ge Lae 
a ; i: : 44a a } * : | ty on 
hag aa? 3 + i 5 ; ' aaa 
A oe ; ’ ' ¢ a ; | ‘ +s 
ae ean id | 
es : aa “$e oe t ; 
a. aon i ; ee STB. | ie : 
r: ee ; t : } 
ee gece 
ane 
at 4 
We a sd q 
(a a +d 
‘ie +e ee 
= Pe ea | 
z a % 
a mal g : Br: 4 ee vs 
hee oy ; 3 sg —_ ae i = 
na . ‘ie ie. : 2 Be a 
+ » oe by 7 . 2. + ery L 
am Se a , 
an & sf of Sle ty ae 
ea fey m , 5 a 
Ly os * =f Pe 4 ¥ . 
| : ‘., ee m 4 ‘ 
5 ¥ : " —— 
Pig + 
“ is 
a ay 
% ee 
a? DN a 
te 
es ee 
; ef ao a 
a hee eg 
a Mea 
bays 
SEC Rae 
nes ae te 
~~ 
ii J 
ri oe 
a 
ae: = i 8. 
oe , 
- 
| 
ne 
3 _ ae 5 ? 
. | 
7 
‘Bae 
ME 
Bae 
esis 
Pe 
Rey 
: : 
Aye 
on emi « ; 
~~ Ge Si 
"he r 
2 hee 
iy ae 
Pea sod 6 
oS an 
ae : 
AS oe fae 
te, ay 
) 
sem. ls 
ae hc 
ee ie a ; 
ae 
Cty of: eae 
Bes ‘im 
te SUA 
pe ts 
ee ¥ 
Se eae 
ia 
h ma ” 
ae y 
ae 
- 
mF 
Bai 3 21.3 
= ee 
Pee tp 
ten 
~ ; 
“Th ee 
- 
ee 
ae, 
a ; 
PO 
a ra: 
BY aap 
Bent 
° ae 
3 ra | 
= 4 eae 
ae a ae { : 
ee a | : 2 a 
a Vela ee a nila oe Od : er bis er 8 2 ee” Fe oe F se aaa : ‘ : : rile oa 
, RE ch i ae ees bg i > |. a7 Sibi cor Tag ci! eae 70 ae eee n 
a esl G yt vo &. oe = 8 : ee: Btn a ic a a Poe ei an ev a oe r 
ae % Sag Puen Pe ee OE aa ee = Seana Soe ee, 5 


FEBRUARY 27, 1959 


as chairman when the latter died in June 1937. In July, the 
following year, however, it was decided that a full-time chair- 
man was required for Imperial Airways and because of his 
many other interests Sir George Beharrell relinquished his 
chairmanship. 

In 1922, Sir George—who had received his Knighthood in 
1919-—had joined the Dunlop Rubber Company and a year 
later was appointed its joint managing director. He was the 
company’s chairman from 1937 to 1949 when, officially, he 
retired and became the president of Dunlop Rubber—a posi- 
tion he held until 1957. 
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J. O. Lueas 


ITH regret we record that Mr. John Oliver Lucas, a 

director of Joseph Lucas (Sales and Service, Ltd.), and of 
Joseph Lucas (Export), Ltd., died on February 15 at the early 
age of 36. 

He was educated at Harrow and at the outbreak of the 
Second World War joined the Royal Navy. He served with 
distinction as a First Lieutenant on destroyers and other ships 
in the Mediterranean, and also took part in the Sicilian 
landing. 


To Launch the 


HE Handley Page Victor B.2 made its first flight on 
February 20 from Radlett aerodrome. This advanced 
Victor, which will carry the stand-off bomb, has four Rolls- 
Royce Conway R.Co.11 engines type-tested at 17,250 Ib. thrust. 
It has some 57°, more thrust than the Sapphire-powered Victor. 
In external appearance the Victor 2 is similar to the Victor 1 
and its length and height, 114 ft. 11 in. and 26 ft. 9 in. respec- 
tively, are the same. But its wing area and span have been 
increased. The span is 120 ft., 10 ft. greater than that of the 
Victor 1; the increase comes from a stub-wing extension inboard 
of the engines and a slight extension of the wing tips. The 
air intakes are considerably larger and the inboard section of 


VICTOR 2.—These views of the 
Handley Page Victor 2 show 
the large air intakes for its 
Rolls-Royce Conway engines 
and the retractable intakes 
above the rear fuselage for 
ram-air turbo-alternators. 


Stand-off Bomb 


the wing is thickened considerably to take the new engines. 

Other Victor 2 features are two retractable air intakes on the 
upper surface of the rear fuselage; these can be extended at 
altitude to supply two ram-air turbo-alternators for emergency 
power supplies. A Blackburn Artouste airborne A.P.U. is in 
the starboard wing root; it supplies power for airframe systems 
and compressed air for engine starting. An English Electric 
constant-speed ac electrical generation system is used. 

No information is available on the performance of the Victor 
2, but its greatly increased power is probably devoted mainly 
to increasing operating altitude from around 50,000 ft. towards 
60,000 ft. Altitude performance may well be limited now by 
the “ coffin corner ” of B.47 fame, rather than by engine power. 
This arises when an altitude is reached at which the stalling 
speed and buffet-boundary speed approach one another. 

Little or no increase in operating speed is likely, although 
the lower-powered Victor 1 has exceeded Mach 1 in a shallow 
dive. It is probable that the drag-rise speed is similar for 
both versions of the Victor and although the cruising speed 
could be extended further toward the buffet boundary than on 
the Victor 1, it would probably be uneconomic to do so. 

An indication of Victor 2 potentialities is given by published 
performance figures for the H.P. 111, which was rather like a 
Victor 2 with a large transport fuselage. This had a maximum 
all-up weight of 240,000 |b. and a basic equipped weight of 
112,000 Ib. Its still-air range with external wing tanks and 
internal fuselage tanks varied from 3,500 nautical miles with a 
50,000-Ib. payload to 6,000 nautical miles with 10,000-Ib. 
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General Aviation News 


AGRICULTURE AT CRANFIELD.— 
An International Agricultural Aviation 
Conference js to be held at the College of 
Aeronautics, Cranfield, from September 
14 to 19. Various authorities, including 
the Ministry of Agriculture, the M.T.C.A. 
and the R.Ae.S., are co-operating in the 
organization. The conference fee is £14, 
inclusive of accommodation, meals, etc. 
Registration forms may be obtained from 
the Ministry of Agriculture, Fisheries and 
Food, Room 218, Great Westminster 
House, Horseferry Road, London, S.W.1, 
or from Dr. W. J. Mann, director, Euro- 
pean Agricultural Aviation Centre, le v.d. 
Boschstraat 4, The Hague, Holland. The 
subjects to be covered are, agricultural 
chemicals and fertilizers including biolo- 
gical efficiency; aircraft, equipment and 
corrosion problems, and economics and 
a flying display of agricultural aircraft. 


SWALLOW PROGRAMME.—Follow- 
ing agreements by the Ministry of Supply 
with the U.S. and Vickers-Armstrongs, a 
joint research programme _ involving 
Vickers, the R.A.E and US. research 
establishments will investigate the 
Swallow variable-geometry concept. 


DART-POWERED.—Two forthcoming 
feeder-line aircraft shown in these 
impressions are (top) the 40-seat Avro 
748 (THE AEROPLANE, January 23) with 
two Rolls-Royce Dart R.Da.6 turbo- 
props, and (lower) the Japanese 60/70- 
seat YS-11, with Dart R.Da.10s. 


Commercial Aviation Affairs 


1958 TRAFFIC.—Provisional 
M.T.C.A. figures for U.K. airline traffic 
in 1958 show an increase in short ton- 
miles of 6% compared with 1957. 
Capacity operated increased by 14% and 
the overall load factor fell from 63% to 
59%, —the lowest for four years. Previous 
rates of increase were 21% in 1955 and 
14% in 1956 and in 1957. 


B.E.A. RESULTS. — During January, 
B.E.A. sold 14.5% more load ton-miles 
than in January, 1958, with a 2% 
improvement in load factor. Passengers 
increased by 11.4%, freight by 16.9% and 
mail by 15.6%. These results were 
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CANADIAN FREIGHTER.—Available for delivery in November next year, the 
Canadair CL-44G is a development of the CL-44 transport on order for the 


R.C.A.F. 


It features a side-hinged tail for cargo loading. 


Four Rolls-Royce 


Tyne R.Ty.12 turboprops give the CL-44G a range of 1,900 nautical miles with a 
62,200-Ib. payload, or 3,750 miles with a payload of 33,000 Ib. 


WOBURN RALLY.—An air rally is 
planned to be held at Woburn Park, 
Beds., on May 2. Invitations are to be 
sent to private aircraft owners and fly- 
ing clubs, and a landing strip—in fact 
that used by the former Duchess of Bed- 
ford—is to be made available. The Duke 
of Bedford will receive guests, who will 
then be taken on a tour of the Abbey. 
Aircraft of the Shuttleworth Collection 
will be present, some of which may fly, 
and various other items, including a para- 
chute descent, are planned. 


AIR FARMING.—The next meeting 
of the Agricultural Aviation Group is to 
be held in the B.E.A. Viking Centre, 
near London Airport, on March 6 at 
19.00 hrs. Films of general agricultural 
aviation interest will be shown, followed 
by a discussion on “ What has the air- 
craft to offer the farmer? ”; “ What does 
the operator expect from the aircraft?” 
and “ The pilot’s point of view.” Further 
details are available from Mr. S. W. G. 
Foster, A.F.R.Ae.S., 37 Broad Lane, 
Hampton, Middx. (Tel., Molesey 1043.) 


PIAGGIO PRODUCTION.—One of 
the first Piaggio P.166 executive aircraft 
has been bought by Sir Robert McAlpine 
and Sons, Ltd. This aeroplane, G-APSJ, 
will be based at Luton, where the com- 
pany’s aviation division is managed by 
Capt. R. Young. We recorded last week 
that Mr. James Hay Stevens is to act as 


business representative of Piaggio and 


Co., S.p.A.; a company—Aero-Enterprises 
(Boreham Wood), Ltd—has been 
formed and will act in this capacity. The 


price of the P.166, with full 1FR instru- 
mentation and equipped as a six-seater 
with toilet and bar, is £28,735. The P.136 
S-seat amphibian (THE AEROPLANE, 
April 4, 1958) costs £20,690, with 
Lycoming GO-480 engines (P.136-L1) and 
£23,565 with GSO-480s (P.136-L2). 


Gliding Lectures 
COURSE of lectures for trainee 
glider pilots, organized by the 

B.G.A., is to be given at the 
Kronfeld Club, 74 Eccleston Square 
(basement), London, S.W.1, beginning 
on March 9 at 19.30 hrs. The lecturer 
is Mr. Derek Piggott, C.F.I. of the 
Lasham Gliding Centre. 

The first lecture is “ Your First 
Training Flight”; the others are: 
“ Stalling,” March 16; ‘“ Launches 
and Landings,” March 23; and 
“ Soaring,” March 31. The inclusive 
fee is 10s. Details may be obtained 
from the B.G.A., 19 Park Lane, 
London, W.1. 


NEW CANBERRAS.—Versions of 
the English Electric Canberra T.4 and 
B(I).8 for the R.N.Z.A.F. are designated, 
respectively, T.13 and B(1).12. 


achieved despite cancellation of 550 
B.E.A. services because of the weather, 
bringing the total of cancellations since 
November up to 1,370. B.E.A. estimate 
a financial loss of about £200,000 as a 
direct result of the fog so far this winter. 


707 LOAD FACTORS.—In the first 18 
days of scheduled operation with Ameri- 
can Airlines, the Boeing 707 on the daily 
non-stop transcontinental service carried 
3,720 passengers out of a possible total 
of 3,751—a load factor of 99.5%. The 
service is mixed-class—tourist and first— 
_ a $3-10 surcharge on the normal 
ares. 


GATCO NEWS.—Mr. K. I. Pearson, 
senior A.T.C.O. at the R.A.E. Farn- 
borough, was installed as the Master of 
the Guild of Air Traffic Control Officers 
at the fifth A.G.M. on February 14. 
The first award of the Hunt Trophy 
presented by Captain V. A. M. Hunt for 
the most outstanding contribution to 
ATC each year—is to be to the M.T.C.A. 
School of Air Traffic Control. 


FLUORESCENT MARKINGS.— The 
tails of Hunting-Clan Air Transport’s 
Viscounts and DC-6s are to be painted 
in “rocket red” fluorescent paint as a 
safety measure to improve visibility. This 
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news follows the demonstrations at 
London Airport last week by the 
M.T.C.A., which has adopted fluorescent 
paint on its own fleet. The object is to 
make aircraft catch the eye rather than 
to increase the distance at which they can 
be seen. 

EXCHANGE NEWS. — Most unusual 


aircraft so far offered through the Air- 
craft Exchange are the two Lockheed 


Constitutions, which figure in Market 
Report No. 7. Only two of these 
transports were built, for the U.S. 


Navy; developed from the Constellation, 
they are powered by four P. & W 
R-4360-22W engines each. They are 
offered together for $250,000, including 
“13 spare engines and airframe spares 
valued at $1,750,000.” Another new type 
on the books of Aircraft Exchange is the 
Grumman SA-16A Albatross, offered for 
$250,000 with zero time on engines and 
airframe since overhaul. 


BETTER BOEINGS.—Increased fuel 
capacity is to be provided in most of the 
84 Boeing 707 Intercontinentals now on 
order. Fuel cells in the centre section 
increase the capacity from 17,652 Imp. 
gal. to 19,634 Imp. gal., and the gross 
weight will be 311,000 Ib. instead of 
296,000 Ib. New maximum payload is 
45,000 Ib. Apart from a_ heavy-duty 
undercarriage, structural mods. are of a 
minor nature 
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VISCOUNT UTILIZATION.—In the 
year ended December 31, 1958, utilization 
of the three types of Viscount in service 
with B.E.A. in hours per year worked 
out at: V701, 2,453; V802, 2,076 and 
V806, 2,120. This represented about 
6} hr. a day for the V701 and 53} hr. a 
day for the V802 and V806. 


Tu-1048 CERTIFICATED. — Test 
flights with the Tu-104B were completed 
recently with a non-stop flight of 1,460 
miles in 34 hr. The 100-seat Tu-104B 
is a slightly stretched version of the 
Tu-104 and will soon be in service with 
Aeroflot. 


BLACKPOOL-DUBLIN.—May 15 will 
be the starting date of the Silver City 
service between Blackpool and Dublin. 
Flights will operate on Saturdays and 
Sundays until the end of October, and 
on Wednesdays and Fridays also from 
June 1 to September 30. Return fares 
are £6 15s., and £8 17s. at peak week- 
ends in July and August. 


LUFTHANSA RESULT. — During 
1958 Lufthansa carried 45% more pas- 
sengers than in 1957. Freight increased 
by 70% and mail by 36%. 


FREIGHT PROSPECT.—Donald W. 
Douglas, Jnr., predicts that air freight ton- 
nage will surpass the weight of passengers 
flown by 1970. This development of the 
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air freight market depends on the use of 
new aircraft designed primarily as cargo 
carriers. By 1965, ton-mile costs of about 
4 cents should be possible, reducing the 
ton-mile rate from today’s 21 cents to 
about 10 cents. 


ELECTRA NEAR’ MISS. — An 
Eastern Air Lines Electra was forced to 
take violent evasive action recently to 
avoid a B-47. The Electra was flying at 
23,000 ft. and 445 m.p.h.; the captain 
pulled it into a steep climb and the B-47 
passed 400 ft. beneath. Three passengers 
were injured. 


IATA TECHNICAL.—The 12th Tech- 
nical Conference of IATA will be 
held from May 4 to 14 at Berkeley, 
California. Outstanding matters of 
IATA technical policy will be reviewed 
and initial experience of scheduled jet 
operations will be discussed. Mr. S. J. 
Kauffman, vice-president, engineering, of 
P.A.A., will be in the chair. 


1959 HULTON AWARD.—The de 
Havilland company, Rolls-Royce, Ltd., 
and B.O.A.C. have been named the joint 
recipients of the 1959 Hulton Achieve- 
ment Award, which consists of a silver 
trophy, silver medallion and £1,000. The 
award recognizes the most outstanding 
contribution to the prestige of Britain or 
the Commonwealth. 


SIR DOUGLAS JACKMAN.—In the 
caption to our photograph of the A.O.C.- 
in-C. Maintenance Command (THE 
AEROPLANE for February 20) we referred 
to him as Sir Harold. The Air Marshal 
has, in fact, adopted the title: Sir Douglas 
Jackman. 


BRITISH ALUMINIUM BOARD.— 
Following the change of control of the 
British Aluminium Co., Ltd., Lord Portal, 
chairman, and Mr. Geoffrey Cunliffe, 


deputy chairman, have left the board of 
that company and the boards of all its 


NAPIER IN CANADA.—On page 266 
we refer to the formation of D. Napier 
and Sons (Canada), Ltd. Above are seen 
(left to right, top), Mr. H. Sammons, 
C.B.E., M.I.Mech.E., F.R.Ae.S., president 
and Mr. L. A. Sanson, executive vice- 
president ; (bottom) Messrs. S. M. Fin- 
layson and Jj. C. K. Shipp, B.Sc., 
A.F.R.Ae.S., M.LA.S., directors. 


subsidiaries. The new director and chair- 
man of British Aluminium is_ Sir 
Ivan A. R. Stedeford, and Mr. Richard S. 
Reynolds has been elected a director. 


SMITHS BOARD—In our issue of 
January 30 we referred to the formation 
of Smiths Aviation and Marine Divisions 
by S. Smith and Sons (England), Ltd. 
The co-ordinating board appointed con- 
sists of, chairman, Mr, R. Gordon-Smith 
(chairman and managing director, S. 
Smith and Sons (England), Ltd.); 
managing director, Mr. G. B. G. Potter, 
B.Sc., M.I.Mech.E., F.R.Ae.S. (managing 
director, Kelvin and Hughes, Ltd.); 
directors, Mr. is A. Morgan, 
A.F.R.Ae.S. (director and_ general 
manager, Smiths Aircraft Instruments, 
Ltd.); Wg. Cdr. H. M. Samuelson. 
R.A.F.O., A.M.LE.E. (technical sales 
director, Smiths Aircraft Instruments, 
Ltd.), and Mr. G. §, Sturrock, M.A. 
(Cantab.), F.C.LP.A. (commercial direc- 
tor, Kelvin and Hughes, Ltd.). The 
administrative headquarters of Smiths 
Aviation and Marine Divisions will be 
Kelvin House, Wembley Park Drive, 
Wembley, Middx. 


Military Aviation Affairs 


DUTCH TRACKERS.—A contract 
valued at more than $3,000,000 has been 
awarded to Grumman Aircraft for the 
supply of S2F Tracker carrier-borne anti- 
submarine aircraft to the Dutch Govern- 
ment. The contract will be administered 
by the U.S. Navy under the Mutual 
Defense Assistance Program. The type 
is already in production for the Italian 
Government. 


ENDURANCE RECORD.—On a 
recent long-range flight to the Canaries, 
a Shackleton MR.3 of No. 206 Sqn., 
Coastal Command, set up a new 
endurance record for this type of 
24 hr. 21 min. Flying under operational 


CO - ORDINATION. — 
Mr.G.B.G. Potter, B.Sc., 
M.1.Mech.E., F.R.Ae.S., 
is managing director of 
the board appointed to 
direct and co-ordinate 
Smiths Aviation and 
Marine Divisions. 


ATLANTIC FLYER DIES.—Admiral 
Carlos Viegas Gago Coutinho has died in 
Lisbon at the age of 90. In 1922 he was 
the navigator on the first South Atlantic 
flight, the pilot on which was Capt. 
Tenente Saccadura Cabral. The start was 
made from Lisbon in a specially modified 
Fairey IIID (360-h.p. Rolls-Royce Eagle), 
which reached St. Paul’s Rocks, 250 miles 
from Brazil, by way of the Canary and 
Cape Verde Islands. The aircraft was 
damaged, and another, a standard Fairey 
iC, was sent out. This aircraft was 
forced down on the last stage, from 
Fernando Noronha, and a third Fairey 
was used for the completion of the flight. 
Pernambuco was reached on June 5. 


conditions with a crew of 13, the 
Shackleton was commanded by Fit. Lt. 
D. R. Foster. 


AUSTRALIAN AOPs.—The first of 
eight Cessna 180s to re-equip. the 
Australian Army’s AOP_ wing at 
Canberra was handed over for testing at 
Bankstown, near Sydney, on Febru- 
ary 20. The Cessnas will replace Austers 
at present used for Army flying. 


R.A.F. MILTON.—The Treasury has 
agreed in principle to the take-over of 
the R.A.F. depot at Milton, near Didcot, 
Berks, by the Central Ordnance Depot, 
Didcot. 
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Air Transport 


IATA and the Aids 


S we explained in last week's issue (p. 212) the International 

Air Transport Association has come out in favour of 
vor/pMe-t during the ICAO discussions in Montreal. It 
should be explained, however, that, unlike normal IATA 
decisions, this is not a unanimous one and a statement released 
by the British airlines last week makes the position clear. This 
statement said:— 

“IATA and the U.S. and U.K. delegations are in complete 
agreement that vor should be retained as an ICAO standard 
aid. The disagreement is whether Decca or DME-T should 
become supplementary standards at this time. 

“ All U.K. LATA members disagree with the Association's 
advocacy of pMe-T as a standard. There is virtually no civil 
operating experience with this system to date. 

“ There are no IATA statistics on Decca reliability. In the 
course of more than 350,000 hours of operating experience, 
U.K. operators have found that the reliability of earlier versions 
of Decca equipment ranges between 90% and 97%. Results 
from the new Mark 10 equipment are expected to be markedly 
better. One operator, Silver City Airways, has achieved service- 
ability figures for 1958 of 98.4%, and of 99.25% in January, 
1959. They have approximately 26,000 hours’ experience with 
Decca Mark 9 over three years, involving approximately 75,000 
flights to date. 

“ B.O.A.C. and B.E.A. support for Decca results from con- 
siderable experience in operating turbojet and turboprop 
aircraft in high-density areas. B.O.A.C. have also had more 
operational experience with DME (on 200 Mc/s.) than the rest 
of the World's airlines put together.” 


Those Altimeter Presentations 


ECAUSE of the action by the U.S. authorities, who, as 

explained in last week's issue (p. 230), have temporarily 
replaced a new type of altimeter in the Electra following the 
accident near La Guardia, there has been some misunderstanding 
about a recent notice issued by the Air Registration Board. 

Whereas the cautionary action in the case of the Electra 
was the result of a suspicion of misreading or malfunctioning 
of an altimeter at low level, the A.R.B. notice is, following two 
recent accidents, concerned with the need to prevent the 
possibility of the misreading of an altimeter by 10,000 ft. 

The new Kollsman needle-and-drum altimeter, which is 
standard equipment in Electras and other new US. aircraft, 
including the 707, has been replaced or supplemented for the 
time being by the older type in American Airlines’ and Eastern 
Air Lines’ Electras following suspicions of misreading and/or 
sticking. 

The A.R.B. notice to engineers and aircraft owners (No. 54, 
February 16) is directed at a prevention of errors of 10,000 ft. 
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which are known to have been made. As soon as possible, 
and not later than September 30, Britannias, Comets and 
Viscounts must be equipped with altimeters in which this error 
is virtually impossible and all future aircraft which operate 
above 20,000 ft. must be similarly equipped. Meanwhile, flight 
crews are warned by the A.R.B. of the need for special care 
in the reading of the three-pointer presentation. 

The two altimeters which are at present approved by the 
A.R.B. for this re-equipment programme are the Kelvin and 
Hughes Types 1504 (35,000 ft.) and 1603 (50,000 ft.). These 
altimeters (similar except for the range of altitude information 
provided) have a full-radius, “ bell *-pointed 10,000 ft. needle 
with a follow-up annulus arc at mid-radius indicating its position 
on the scale. In addition there is a warning flag in the face 
of the instrument at the 9 o'clock position which begins to 
show at altitudes below 15,000 ft. 


The U.S. Federal Aviation Agency 
HE major elements in the new U.S. Federal Aviation Agency 
were brought together on December 31 last year, with 
Mr. E. R. Quesada as administrator and Mr. James T. Pyle, 
previously C.A.A. administrator, as his deputy. 

The new F.A.A. absorbs the personnel, functions and funds 
of the Civil Aeronautics Administration and the rule-making 
functions of the Civil Aeronautics Board’s Bureau of Safety. 
The Agency absorbed the interim Airways Modernization Board 
on November 1, 1958, and this Board then became the F.A.A.’s 
Bureau of Research and Development. 
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{ DIREC TORS ] 
RESEARCH ANO FLIGHT FACILITIE AIR TRAFFIC 
DEVELOPMENT STANDARDS MANAGEMENT 


Of the F.A.A.. Mr. Quesada said recently: “It is more 
than an expanded C.A.A. or a modified A.M.B., or a revamped 
military Airways and Air Communication Service. It is a 
true Federal aviation agency, in which are combined specific 
aviation functions now scattered among several agencies.” An 
industry spokesman put it more succinctly, thus: “F.A.A. 
brings new order to the letters floating in the bowl of alphabet 
soup that has been Government regulation of aviation.” 

Specific responsibilities of the F.A.A., which has unpre- 
cedented authority over all U.S. airspace, include the allocation 
of the use of the navigable airspace; the development and 

(Continued on page 241) 


ON TEST.—Three Douglas DC-8s are now flying in the certification programme, including one with JT-4A engines. Shown 
here in a new air-to-air study is the second JT-3C-powered DC-8, and the first complete in an airline livery. 
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.--and now we’ve increased 


the payload 


and range, too 


Since the original Viscount 810 design, both its payload and range have been increased. That means even 
higher density operation and, of course, lower operating costs. The graph speaks for itself. The results are 
even more impressive. Seat-mile costs can be reduced by more than 10°, on all stages. On long haul the 
saving is up to 23°,. In terms of earning power this gives an increase of 15% to 30°, according to range. 


The new Payload and Range details 15000 


* Take-off weight now 72,500 Ib (up 5,000 Ib) 

* Landing weight up by 2,000 Ib. zero fuel weight 
and payload increased by 3,000 Ib 

* Maximum-payload range increased from 800 to 
over 1,200 miles 


Plus 

* 365 m.p.h. cruising speed. When re-engined 
with more powerful Darts, 400 m.p.h. 

* Backed by Vickers/Rolls-Royce jet-prop ex- 
perience of over 300 Viscounts in service with 
40 airlines 

* Viscount 810 is already in service with or on 
order for Continental Air Lines, Lufthansa, 
South African Airways, Ansett-A.N.A., 
Airwork, Cubana, Hunting-Clan, Pakistan 5 500 1000 1500 
International Airlines, T.A.A. and V.A.S.P. 

STAGE LENGTH—STATUTE MILES 


g 


ALLOWANCES :— 

ISA STILL AIR 

GROUND ALLOWANCE 
RESERVE 230 MILES DIVERSION 
45 MINS HOLDING 


“ 
So 
So 
o 


N.B. FOR LONGER STAGE 
OPERATION, SLIPPER TANKS 
ARE AVAILABLE 


PAYLOAD & CATERING POUNDS 


vicxers VlloG 


Fastest and most economical medium-sized airliner in the world 


VICKERS-ARMSTRONGS (AIRCRAFT) LIMITED WEYBRIDGE SURREY ENGLAND 


TGA AT609A 


FOUR ROLLS-ROYCE DART JET-PROP ENGINES 
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DE HAVILLAND AMBASSADOR A/RLINERS 


A unique opportunity now 

exists for you to acquire from 
British European Airways up 

to fourteen modern de Havilland 
AMBASSADOR airliners with 
low airframe hours. Suitable 

for “HIGH DENSITY” passenger 
traffic or alternative passenger- 
cum-freight, with large freight 
door fitted if required. If you 
are an Industrialist this is your 
aircraft after simple and economic 
conversion to executive standard 
or “FLYING SHOW ROOM.” 


% Currently fitted luxury 49-seats at 39” pitch, capable of simple 
modification to high densit'y seating configuration. 

¥ Fully pressurised passenger cabin and freight holds. 

% Two Bristol Centaurus 661 engines with world-wide proven 
reliability are fitted. Highest approved engine overhaul life for any 
piston engine. Bristol's offer ‘‘one-for-one’’ exchange scheme. 

¥ Modern radio and navigational aids fitted. 

¥ High wing and large windows offer maximum passenger appeal. 
Underslung fuselage simplifies freight loading. 

% To reduce first-year operating costs, aircraft can be delivered with 
twelve months’ British Certificate of Airworthiness—major 
Check IV completed. Low engine hours, propeller hours, since last 
overhaul—all mandatory and essential modifications incorporated. 

* Low initial capital cost—extended payment terms available. 

Economic cruising speed 240 m.p.h. (386 kms.) 

* Free demonstration flights at your airfield will be arranged. 

* Crew and Engineers training available. 


For full details, cable ‘phone or call: ~- JAMES CUMING 


BRITISH EUROPEAN AIRWAYS 


London Airport, Middiesex, England 
Cables; BEALINE LONDON AIRPORT. Teler: 22133. "Phone: sxyport 3131, extn. 27 
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TURBOPROP TWINS.—Two generations of Rolls-Royce turbo- 

props and Vickers transports are represented in this pleasing 

study of the Vanguard on an early test flight, as seen from an 
accompanying Viscount. 


(Continued from page 240) 
operation of a common system of air navigation and traffic 
control for both military and civil aircraft; research and 
development activities; formulation and enforcement of safety 
rules; the control of location and runway layout of civil air- 
ports receiving Federal funds; participation in accident investi- 
gations in the case of aircraft weighing less than 12,500 Ib. 

To advise the F.A.A. on matters pertaining to general avia- 
tion, a five-man committee is being established to serve for 
one year. It will comprise “ outstanding citizens drawn from 
the broad field of general aviation” and will advise on the 
basic policies and programmes of the Agency and their impact 
on general aviation and the entire aviation community. 

The former Airways Modernization Board is one of the 
key units in the F.A.A. at present, although it accounts for 
only about 200 of the 28,000 employees with which the F.A.A. 
started operations. This total is expected to increase by about 
15,000 with the incorporation into the F.A.A. of military com- 
munications and traffic control personnel. In the 16 months 
during which the A.M.B. functioned before becoming the 
Bureau of Research and Development it had awarded 34 
contracts valued at well over $14 million in the programme of 
modernizing airways. 

In addition to the Administrator and his deputy, already 
named, other important “* operational ” members of the F.A.A, 
are: William B. Davis, director of the Bureau of Flight 
Standards, who was previously deputy administrator of the 
C.A.A., which he joined in 1938 after serving as a pilot in 
the U.S. Navy; and David D. Thomas, director of the Bureau 
of Air Traffic Management, who has been directly concerned 
with air traffic control for the past 20 years and was previously 
director of the C.A.A. Office of Air Traffic Control 

The F.A.A.’s headquarters are at 1711 New York Avenue, 
N.W., Washington 25, D.C. 


**Musts ” for the Turbojets 
NCE again IATA’s technical department has listed some 
of the more urgent requirements for turbojet operations as 
developed during the 11th Technical Conference of the Asso- 
ciation last September. 

Some of these demands—such as those for more accurate air- 
craft fuel gauges and flowmeters, for better artificial horizons 
and for take-off monitors—were made last year as a result of 
the 1957 conference. Others—including pleas for cleaner 
turbine fuel, for something better than water injection as a 
means of power augmentation and for airborne vibration 
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indicators as _ turbojet-engine “trouble-shooters” — were 
mentioned in the summary of the 1958 conference findings (see 
THE AEROPLANE of October 10, 1958, p. 547). 

Additional requirements in the latest list include means of 
reducing altimeter error at high altitudes by improvements in 
the static systems; the use of fuel heating to prevent the accumu- 
lation of ice in the lines and filters; and the investigation of 
coolants which will make post-accident engine-quenching 
techniques a practical proposition. So far as take-off monitors 
are concerned, it is agreed that considerable work on such 
projects is now in progress (see THE AEROPLANE, December 12. 
1958, pp. 845-846); airlines and Government agencies should 
now, however, be encouraged to complete flight tests of the 
various types of such “ go/no-go ” equipment so that guidance 
can be obtained for further development. 


Traffic Trends 

European.—A slight increase in the rate of development 
of European international traffic is shown by Air Research 
Bureau figures for the third quarter of 1958. Compared with the 
same quarter of 1957, passenger traffic increased by 9%, whereas 
the increase in the second quarter was only 8%. Although the 
increase in capacity of 15% was again in advance of the traffic 
and led to a decline in load factors, this increase compared with 
an average 20% capacity jump in the past year. 


3rd quarter 1958 as 12 mths. ending 1958 as 
1957 | 1958 | 4957 | Sept | Seo | %ey 
1957 1958 
Seat/km. (million) 2,043 | 2,352 115 6,145 7,375 
Pass./km. (million) 1,360 | 1,481 109 3,712 086 110 
Pass. load factor % 66.6 | 62.9 — 60.4 55.4 — 
Freight tonne/km. (mil- 
lion) 11.3 13.0 115 468 51.3 110 
Mail tonne/km. (million) 3.0 | 3.3 109 12.7 13.7 108 


Intra-European traffic includes all traffic carried on international routes 

originating and terminating within the European continent and countries 

bordering the Mediterranean. Airlines included in this survey are Aer 

Lingus, Air France, Alitalia, B.E.A., Finnair, Iberia, Icelandair, K.L.M., 

Lufthansa, S.A.S., Sabena and Swissair 

First-class traffic continues to expand, with an increase of 14%; 
this can be attributed in part to the greater number of first-class 
seats offered by B.E.A. since introducing the mixed-class 
Viscount 806s last Spring. The extent of the seasonal peak 
problem for European airlines is shown by the fact that 
passenger traffic in the period April to September, 1958, was 
82°, higher than in the preceding October to March. 

Figures for the third quarter are tabulated above. Similar 
statistics for the first and second quarters of 1958, respectively, 
will be found in THE AEROPLANE for August 29 and December 
12, 1958. 

North Atlantic._-Figures issued by IATA show that its 
members carried 26.8°, more passengers over the Atlantic in 
1958 than in 1957. Good rates of increase were also maintained 
by freight and mail, at 20% and 16.4% respectively. 

A feature of the year’s operations was the introduction of 
economy class on April 1. Of the total 1,292,166 passengers 
flown, 662.634, or 55.5 flew by this class: the remainder 
were approximately equally divided between first-class (includ- 
ing de luxe) and tourist class, 

The number of flights provided by the airlines increased 
by 22.1 to 331,129, but the introduction of new larger- 
capacity types of aircraft boosted the number of available 
seats by 34.7 The overall load factor achieved was 61.1%, 
compared with 66.7% in 1957; load factors for the three classes 
during 1958 were first, 56.6% ; tourist. 61%; and economy, 63%. 

Statistics for the fourth quarter of 1958 are tabulated below, 
and can be compared with those for the third quarter in 
THE AEROPLANE for November 28, 1958. 


EAST- WEST- % Change 
BOUND | BOUND | TOTAL | Over 1957 
Scheduled flights 3,297 3,293 6,590 + 5.6 
Seats offered 200,865 203,434 404,299 17.9 
Revenue passengers 
First 27,947 32,873 60,820 
Tourist 11,114 16,936 28,050 
Economy 56,851 83,473 140,324 
Total 95,912 133,282 229,194 + 13.8 
Pass. load factor, ”,, 48.5 64.4 56.7 —- 20 
Freight, kg. 3,175,304 3,828,619 7,003,923 + 23.4 
Mail, kg. 1,980,178 1,507,254 3,487,432 +214 
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Financing the New Air Fleets 


Dr. S. J. Konorski discusses the problems 
of credit guarantees in international law 


HATEVER the effect of the introduction of turbojet 

aircraft may be, it is certain that it must revolutionize the 
financial structure of the airlines of the World. The capital 
outlay needed for re-equipment with such aircraft is really 
stupendous. 

In a book published just before the last War, an American 
writer estimated that the value of aircraft amounted to roughly 
50% of the value of all assets of the American airlines. 
Probably this proportion did not hold good any more even 
a few years ago. It is easy to see how different the proportion 
is bound to become in the future, when the air fleets will have 
been wholly re-equipped with the costly turbojet airliners. 

For the U.S.A. airlines the necessary outlay has been 
assessed, by a study group at the request of President 
Eisenhower, at nearly £1,000,000,000. It is little wonder that 
no less an authority than Mr. C. S. Thomas, the president of 
T.W.A., considers that the American airline industry “ had 
made too quick and too heavy a commitment to the jet age.” 

Expenditure on such a scale vastly exceeds the capital 
resources of practically all the airlines of the World. The days 
when aircraft manufacturers could finance their clients were 
forgotten long ago, and it is now the air operators themselves 
who are faced with the dilemma of finding extraneous sources 
of finance. What is novel concerns only the unprecedented 
extent of the credits to which airlines will have to resort, since 
drawing on such credits for the acquisition of the new equip- 
ment has been quite a common practice for the past two 
decades, particularly among American operators. 


The Position in the U.S.A. 

Various schemes have been evolved by American lawyers 
with a view to providing an adequate security for the 
creditors and it is the common feature of all these schemes 
that the new equipment itself provides the means of securing 
the debt, sometimes with the remaining part of the air fleet 
serving as addftional security. With the value of aircraft 
gradually advancing to the position of the principal element 
of the total assets of an airline, it is certain that this feature 
will figure prominently in all schemes of credit safeguard in 
the future. 

American law, unlike the English and almost all Continental 
legal systems, recognizes the “chattel mortgage "—which 
constitutes the main legal basis for securing the debts of the 
airlines on their aircraft, just as in the past it played a very 
important part in connection with financing the acquisition of 
the rolling stock by American railways. Usually the credit 
security schemes provide for an “equipment trust ” to exercise 
the rights of the creditors and to dispose of the additional 
safeguards. 

Turning to this country, one must consider first of all the 
two national corporations as a class apart, and to the same 
class belong also certain of the-airlines on the European 
continent and elsewhere endowed with the status of the 
“chosen instrument.” In most cases the airlines of this class 
can rely on public credit and State guarantee. 

British private operators can offer their creditors security 
of several kinds, and the institution of the “ floating charge” 
on the totality of assets deserves particularly to be mentioned 
here. It provides very comprehensive means of securing the 
debt, extending also to spares, for which reason it is being 
looked at rather wistfully by the American lawyers. To 
appreciate their importance as a security for the debt one must 
bear in mind that the value of the spares may come to as 
much as 25% of the entire value of the aircraft. 

As is generally known, the legal systems of West European 
countries are very different from those based on common (and 
equity) law. For instance, the institution of trust has not been 
developed there. 

Because of these profound differences in the laws of various 
countries pertaining to the credit securities and their mutual 
incompatibility, the position of these securities in the sphere 
of internatiorfal law is fraught with enormous difficulties. An 
American operator can effectively guarantee an American 


aircraft supplier or a financial corporation which paid the price 
of the aircraft on his behalf. But an American aircraft sold 
abroad and charged with a mortgage is quite a different 
proposition if the law of the respective country does not 
recognize the mortgage on chattels, for the creditor would not 
enjoy the priority of satisfaction if the aircraft were sold for 
debts. 

A British aircraft subject, together with otner assets, to a 
floating charge, would fail as a security if it remained outside 
this country (and certain other countries of the Common- 
wealth) because the floating charge is unknown to the 
respective legal systems. In fact, it would not be too sweeping 
a generalization to say that, with rather few exceptions, the 
legal means of securing any debt on aircraft are not valid 
outside the country of their nationality. Therefore they would 
retain their full practical value only if the aircraft were 
engaged in cabotage operations, and the rights of the creditors 
would be seriously endangered if, even without altering their 
nationality, they were to be used in international air transport. 


The Geneva Convention 

Bearing that in mind, a sustained effort was made to evolve 
a set of internationally valid rules concerning general recog- 
nition of various rights established contractually in respect of 
aircraft. The work on such a set of rules started in the early 
1930s and was concluded in 1948, when the Convention of the 
International Recognition of Rights in Aircraft was signed in 
Geneva. 

The legal experts of ICAO, who took over and successfully 
carried out this task, had to deal with problems so incredibly 
difficult and complicated that what they have achieved is 
truly remarkable. Nevertheless, it would have been unrealistic 
to expect that an international agreement of that kind could, 
with one stroke, level out all the controversies in the laws of 
various countries. The convention could do no more than 
establish general principles and leave it to each State to work 
out its own legal provisions for putting them into effect. 

Naturally, this was bound to be a serious and lengthy issue 
It is not surprising, therefore, that, during the 10 years that 
have since passed, the Convention has been ratified by a 
relatively few States—the U.S.A. and a few Central and South 
American republics and, among European countries, only 
Sweden and Norway. 

This being so, the situation remains that, at this moment, 
when international air transport has to undergo a process of 
thorough re-equipment, it is virtually impossible to devise a 
system of internationally valid safeguards for the finance 
required for this process. 

At the first glance it may appear that the unfortunate 
consequences of this situation would primarily affect the 
aircraft mantifacturers, preventing them from selling to the 
foreign operators because the latter would be unable to obtain 
the credits. But, in actual fact, the impact of these conse- 
quences is much wider, for it concerns also a large proportion 
of airlines, including even those which, in a nrivileged position, 
need not secure the credits on new equipment. 

The stream of modern aircraft which the airlines are going 
to incorporate in their fleets makes it imperative for them to 
find a market for their surplus equipment. According to 
American aviation circles, there is a latent “ brisk market ” for 
such aircraft among the secondary airlines in South America. 
the Middle East and elsewhere. The American aircraft manu- 
facturers are ready to help in the process of the disposal of 
these aircraft by establishing a special organization for the 
purpose. The selling prices will be reduced drastically and 
credit terms are going to be very attractive for the purchasers. 
Equally, there is doubtless much interest in this equipment 
among the European non-scheduled operators. 

But, unless the potential sellers look at the disposal of 
discarded equipment as a give-away operation, the difficulty in 
previding the necessary finance, because of the impossibility of 
devising effective security, may prove a very grave obstacle to 
an important proportion of the transactions in question. 
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Armstrong Siddeley 
provide a comprehensive 
range of high precision 
recirculating ball and lead 
screws and splines for 


universal applications. 


HIGH EFFICIENCY 
BACK-LASH ELIMINATION 
LONG LIFE 


LOW MAINTENANCE FACTOR 


Up to 80% reduction in power can be achieved for 
actuation compared with conventional methods. 
Ability to run at high temperatures with and 
without lubrication. 

Over 2,7C0 applications already established in all 
fields of engineering. 

Complete technical and manufacturing co-operation 
with Beaver Precision Products Inc., Detroit. 


ARMSTRONG SIDDELEY MOTORS 
COVENTRY - ENGLAND 


MEMBER OF THE HAWKER SIDDELEY GROUP 
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We have produced 


or are producing 
FLIGHT SIMULATORS 
and TRAINERS for 

all these famous aircraft 


Specialists in the 
design and manufacture 
of Flight Simulators 


REDIFON LIMITED, Flight Simulator Division, Gatwick Road. Crawley, Sussex, 
A Manufacturing Company in the Rediffusion Group 
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BRITANNIA 
102, 253, 313 & 314 


CANBERRA 
CARAVELLE 

COMET I, 11) & IV 
CONVAIR 440 
DOUGLAS DC7 
GANNET 
HELICOPTERS 
HERCULES (€ 130) 
JAVELIN 

SABRE Mk. tl, Va VI 
STRATOCRUISER 


SUPER CONSTELLATION 
L1049 


TRACKER (C$ 2F) 
VALIANT 
VANGUARD 
VICTOR 


VISCOUNT 
748, 803, 813 & 814 
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MATERIALS 


AND 
PROCESSES 


DOMINANT feature of the present-day aero- 
nautical scene is a constant demand for military 
and civil aircraft to fly higher, faster and farther than 
their predecessors and, consequently, for the develop- 
ment of more highly powered and more efficient 
powerplants. In order that these demands may be met, 
there is always much complementary development 
activity in that part of the industry responsible for 
producing the appropriate basic structural materials and 
the means whereby they can be turned into forms which 
the aeronautical engineer can use. These problems 
have been made no easier by the introduction of guided 
missiles and of devices intended to travel beyond the 
Earth’s atmosphere. 
In this special supplement are three authoritative 


articles surveying the problems and trends in this 
specialist sphere of materials and associated processes. 
These discussions are applied to civil aircraft, super- 
sonic aircraft, and missiles and spacecraft. The overall 
survey is then rounded off with a review of current 
developments under several separate headings. 
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Materials and Processes ... . 


Structural Materials for Supersonic Aircraft 


By N. F. Harpur, M.A., D.I-C., A.F.R.Ae.S.* 
and I. L. G. Baillie, B.Se., A.M.I.Mech.E.t 


REAKING the so-called “ sound barrier” has been a job “i —~T 
mainly for the aerodynamicist and propulsion engineer. "Pine eee ae 
TT. 


The structural designer has not had to call for more than a > ail atl 
moderate development of existing airframe materials. It is 
only as speeds are increased well into the supersonic range that 
the materials problem begins to become more important and 
may eventually dominate the design of the airframe. The added 
parameter of heat is responsible for opening up a whole new 
field of endeavour for the metallurgist and the process 
engineer. —— 
To give a measure to this problem it is well to take an Pn 18 8:Cr Ns STEEL 
example and a good one would seem to be the design of a ing, 
civil transport aircraft to fly at supersonic speeds. A civil nin aneee sa oe neue OUee 
transport is considered because it alone, amongst all types of beg peng 
aircraft, is required to fly safely and reliably for eight or more 0.2} — ALLOY (10.000. HOURS) ion 
hours per day, every day of the year, and still have a good N 
second-hand value after 10 years. This intensive utilization : 
of over 30,000 flying hours when associated with sustained high 
temperatures in the structure, poses more difficult problems for hy ry =} — rm 
a materials engineer than he would find, for example, in a TEMPERATURE :*C 
supersonic bomber. Fig. 2. 
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12%, Cr 
COMPLEX STEEL 
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TENSILE STRENGTH/DENSITY 10 


Specific ultimate strengths at temperature. 


\ For all practical purposes, at cruise altitudes typically 
\ \ = between 40,000 and 80,000 ft. Mach 2 implies about 100° C. 
DY oo 


and Mach 3 about 280° C. soak temperature. These figures 
are for standard conditions and it must be borne in mind that 
soc] 100" aL | joc} 2so°cf 300°C for 3%, of the total flight time (e.g. 900 hours) the temperatures 
Tf] will be about 12° C. higher and that, on rare occasions, they 
[> 6 may be as much as 20° C. higher. ; 
> _ External thermal insulation might be considered as a means 
~~ of reducing the temperature of the structure but it seems 
unlikely that this would prove practicable or economic for 
these speeds. For higher speeds still, this approach might 
7 Cd become more attractive. 
oo-" 
is3 Material Selection for High Temperature Service 
r In order to make a preliminary assessment of the relative 
ra merits of different materials in these conditions it is useful 
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to plot specific strength and stiffness curves (Figs. 2 and 3). 
These are shown for two aluminium alloys, two steels and a 


(Continued on page 245) 
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10 is 


20 30 
MACH NUMBER 
Fig. 1. Equilibrium temperature contours. 


The term “ supersonic,” of course, implies everything from ann a 
Mach 1 upwards but transports cruising at low supersonic hue 
speeds do not offer substantially different materials problems 
to those at present operating at high subsonic speeds; such 
transports could be built with little development of materials. ae 
However, if Mach numbers of 2 and over are considered then 
the picture becomes rather different. 

An aircraft cruising at Mach 2 would cross the Atlantic in i Ol 
about three hours whereas at Mach 3 it would take only about MeALOY (10.000 HOURS) TITANIUM ALLOY 
two hours. It must be assumed that for at least two-thirds of 
this time the skin temperature will be stabilized at the “ soak * 
value and that the aircraft will therefore be subjected to these 
temperatures for something of the order of 20,000 hours during 
its first 10 years of life. To give some margin on this it would 
seem desirable to design for about 30,000 hours at soak 
temperature. 


Temperature at Supersonic Speeds 


Fig. 1 shows the maximum soak temperatures which may be 
expected in I.C.A.N. conditions assuming an average value of 
emissivity. Greater emissivities would lead to lower tempera- 
tures but the differences do not become significant until over 
60,000 ft. and only really important above 80,000 ft. . a “ - 


"A 


s 


MODULUS DENSITY 10° INCHES 


* Chief structures designer (fixed-wing aircraft), Bristol Aircraft. " P P 
* Chief materials and processes engineer Bristol Aircraft. Fig. 3. Specific tension modulus at temperature. 
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is the answer 


Light alloy. 
secondary surface 
gas-to-air heat ex- 
changer produce I by 
aluminiun flux bath 


brazing. 


We are specialists in heat exchange, heat insu- 


lation, and all types of brazing and welding. 


FINE GAUGE ALUMINIUM and its alloys can be satisfactorily 
joined—in the flux bath. In fact, the flux bath makes 
possible joints, and therefore components, that cannot 
be produced by any other method. Consider these points: 


I. Heating in the liquid flux is uniform. 
This eliminates all but the barest mini- 
mum of distortion and makes it possible 
to join metal as fine as 0.006 in. 

2. Any number of inaccessible joints can 
be designed with complete confidence. 


These two simple statements reveal a whole new 
field of opportunity for designing in aluminium and 
aluminium alloys—but, naturally, a certain ‘know-how’ 
is required. 


We have this ‘know-how,’ together with the bath. 
If you are interested in using them, please consult us. 
We shall be equally happy either to design for you or 
co-operate with your own designers. 


VULCAN WORKS, EDGWARE ROAD, LONDON, N.W.2 
TELEPHONE: GLADSTONE 2201 
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Or PROGRESS — 


4 anc First flight of a Canadian 
-—s—i“‘s trplane, February 

the Silver Dart, piloted 
by J. A. D. McCurdy, takes o 
from the frozen pe ai of B 
deck Bay, Nova Scotia. Historic 
hop marks beginning of a new 
era of transportation progress 
in Canada. 


19 59 First delivery in February of a de Havilland 

Canada DHC-4 Caribou at Downsview, Ontario. 
Fifty years after the Silver Dart, the Caribou — the first 
STOL aircraft in its weight category (24,000 Ibs.) — 
ushers in a new era of cargo/passenger air service to 
the remote areas of the world. 


DE HAVILLAND AIRCRAFT OF CANADA 


DOW NSVIEW Established in Canada since 1927 ONTARIO 
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(Continued from page 244) 
titanium alloy. The aluminium alloy values correspond to a 
long period of soak (10,000 hours) at temperature, while the 
other materials are not appreciably affected by long periods 
of soak at these temperatures and conventional test data (of 
the 1-hour soak type) are therefore appropriate. 

On a specific strength basis, titanium is supreme; but its 
specific stiffness is not so good. Stiffness affects the design 
because of its effect on buckling in structures, because of the 
necessity for preventing flutter and divergence phenomena and 
also because of the overswing effects which may seriously 
modify the load conditions which the aircraft must withstand. 

Each design must be treated on its merits but it is felt that 
stiffness will be the dominating factor as speeds are increased, 
so that the balance may be tipped against titanium. Add to 
this the basic cost which may run into £500,000 for raw 
material alone in a large supersonic transport and it is obvious 
that the undoubtedly high specific strength is not alone 
sufficient to justify its use. For these reasons there is little 
further mention of titanium below. 

At temperatures up to around 100° C. it seems that the 
aluminium alloy will continue to hold the field, although just 
above this temperatufe the 12% Cr complex steel seems to be 
better and has an increasing advantage in stiffness. This material 
may not be capable of use in all applications and something 
like the 18/8Cr/Ni steel may have to be used. This suggests 
that the range of usefulness of aluminium alloys may be 
greater than it first appears. However, such an extension based 
on the use of the heat-resistant type of aluminium alloy is 
very limited because the specific stiffness drops to less than 
that of titanium at about 160° C. 

It would therefore appear that aluminium-alloy airframes can 
be made to fly at around Mach 2, but that steel or titanium 
alloy is needed for the main structure at greater speeds. 
However, all materials will be used in supersonic aircraft 
where local temperature conditions permit, because local design 
conditions vary widely (e.g., aluminium alloy for cooler internal 
structure, titanium for firewalls around engine bays, and steels 
for members carrying high loadings in restricted space). 

In selecting a material for structural purposes it is necessary 
to ensure both that its mechanical properties are adequate for 
the duty required and that its production characteristics are 
appropriate to the facilities available. The latter aspect is of 
major importance when considering the choice between 
aluminium alloys on the one hand and steel or titanium alloys 
on the other. Experience in the aircraft industry being based 
for over 20 years almost exclusively on aluminium alloys for 
general structure, the desire to use this material (even at a 
structure weight penalty because of somewhat inferior pro- 
Perties) is obviously not to be ignored in terms of economy of 
production development costs and avoidance of delays. 


Aluminium Alloys for High Temperature Service 

As temperature increases, aluminium alloys generally suffer 
a drop in properties which is more marked as the time at the 
temperature increases. The dual dependence of “ proof” or 
“ yield ” strength on temperature and on time is shown in Figs. 
4 and 5 respectively for an American alloy with high strength 
at room temperature and for a British alloy with high strength 
at elevated temperature. 
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Fig. 4. Yield strength at elevated temperatures of an aluminium 
alloy with high strength at room temperature. 
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Fig. 5. 0.19% proof strength at elevated temperatures of a 
heat-resistant aluminium alloy. 


Some materials show initial increases in strength before the 
expected decrease. This effect is due to metallurgical changes 
(i.e., precipitation or artificial ageing) occurring during the 
soaking (see, for example, 100° C. in Fig. 4). 

The variation of ultimate strength with temperature is similar 
to the variation of proof strength although variations in the 
proof/ultimate strength ratio occur. Apart from testing effects 
which often produce apparently low values of elongation, and 
which are not believed to be representative of structural 
behaviour, aluminium alloys do not exhibit undesirably low 
ductilities at elevated temperatures. 

Although fatigue failure could be regarded as a major material 
factor influencing design of “ subsonic” or “ just supersonic ” 
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Fig. 6. 0.1%, creep strength at elevated temperatures of a 
heat-resistant alloy. 


structure, the significance of fatigue has to be considered in two 
stages: (a) crack nucleation; and (b) crack propagation. 

Presentation of generalized fatigue characteristics with vary- 
ing temperature is therefore of limited value since (a) and (b) 
are both functions of the detail design. However, coupon 
testing of plain specimens indicates that the fatigue properties 
do not uniformly increase relative to the static properties as 
temperature increases and at temperatures around 100°/150° C. 
may, in fact, be worse by up to about 20% on stress. 

The superimposition of a mean load, a condition more 
representative of airframe conditions, would become less 
detrimental as temperatures increased—due, it is believed, to 
increasing stress relief from creep at the stress raiser; but 
whether this could be significant around 100°/1S0° C. for 
aluminium alloys remains to be ascertained. In considering 
programme effects in fatigue it is necessary to note that the 
fatigue performance of material at normal temperatures will 
gradually deteriorate and that the “damage” due to a given 
loading cycle will correspondingly increase. 

Creep deformation or rupture becomes a design criterion to 
be taken into account at elevated temperatures as the ratio of 
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creep strength to static strength falls. The dual dependence on 
temperature and time of the tensile stress producing 0.1%, 
creep strain is shown in Fig. 6 for the heat-resistant alloy. 

Application of creep data to design is more complex than 
the application of fatigue data. In addition to requiring a 
means of computing the effects of varying temperature and 
load in a random sequence in the presence of a stress raiser, 
in creep the “ recovery ” effects (due to the intervals when the 
aircraft is stationary on the ground) are of major significance 
and are believed, in general, to be beneficial. A further com- 
plexity of creep relative to fatigue is that creep of compression 
Structure producing a “creep buckling” mode of failure, 
needs to be added to the growing list of design criteria for a 
“hot” structure. 

In addition to the strength of the structure at elevated tem- 
perature it is also necessary to consider the strength at normal 
temperature, i.e., for landing, take-off and subsonic flight. In 
Fig. 7 the proof strength of the heat-resistant alloy at room 
temperature is shown also to be a dual function of the pretest 
temperature and time. As, for parts of the structure, the loads 
in normal temperature conditions would be much greater than 
those whilst the structure is hot, design criteria also occur 
associated with this condition. 

In combining the above considerations into an overall 
assessment of the likely design criteria for a typical structural 
element it is necessary to associate each material property with 
its load level (say, proof strength with limit load, creep strength 
with lg stress, fatigue strength with 10 f.p.s. gust case, etc.). 
In the early design stages this can be done with only a limited 
degree of accuracy as: 

(i) Material properties at 10,000 hours or longer lives are 
not generally available. 

(ii) Aircraft stress levels are not determined. 

(iii) Structural design is not decided in detail. 

For example, it should not be assumed that a Mach-2 air- 
craft would, as in the case of subsonic aircraft, give fatigue 
as the major design criterion for tension applications, or 
whether creep or static criteria would become dominant; any 
such generalized evaluation could obviously not be applied 
universally to all parts of the airframe. 

The fabrication of a structure in aluminium alloy would not 
be expected to present serious problems as the speed of the 
aircraft increased. Sheet forming and fastening techniques are 
well established. Only if for other reasons the form of con- 
struction were altered, would the production development 
problem be a significant factor. 

A final comment on aluminium alloys concerns corrosion 
prevention. For long-life aircraft the conventional “ anodise 
plus etch primer inside; polish or paint outside” procedure 
becomes inadequate. The need for more stringent protection 
is brought by long-term corrosion from saline atmosphere and 
from cabin condensate in pressurized fuselages, combined 
with an increasing tendency to use non-inflammable hydraulic 
fluids (which are generally more corrosive than conventional 
fluids), and a potential erosion problem externally. The use 
of epoxide finishes becomes increasingly attractive even 
though they involve additional processing stages, or even 
stoving, and the more extensive use of inter-jointing pigmented 
compounds will also be likely. 


Ferrous Materials for High Temperature Service 


The effects of temperature on the mechanical properties of 
steel are much less significant for an aircraft around Mach 2 
than is the case with aluminium alloys, and the need for 
extensive test evaluation becomes much less marked. An addi- 
tional feature is that static properties of potentially attractive 
steels are not time-sensitive once stable temperature conditions 
are achieved, so that long-time testing would also be less 
extensive. 

The major problem when considering the mechanical proper- 
ties of steel sheet for structural purposes is the greater change 
in properties, when compared with aluminium alloys, with such 
variables as direction of load, preload history, method of 
manufacture, etc. Corresponding production problems such 
as sheet flatness, thickness tolerance, forming, machining, etc.. 
would also need to be faced. 

Further, a procedural problem is common to the steels of 
interest here; none of them is, as yet, covered by suitable 
national specifications and special inspectional control proce- 
dures would therefore be required. All these problems need to 
be considered together when assessing the suitability of a steel. 

There are four types of stainless or corrosion-resistant steels 
which appear to be potentially suitable for a supersonic civil 
aircraft and these are briefly discussed below. The choice 
between them must depend on structural requirements. on 
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Fig. 7. 0.1%, proof strength at room temperature after soak- 
ing at elevated temperature of a heat-resistant aluminium 
alloy. 


available production development effort and on the willingness 
to accept the higher production costs associated with the 
more attractive materials. 
12% Cr CompcLex Ferritic STEELS (such as H.46, FV.448. 
etc.). 

These steels were originally developed for use in aero- 
engines but are of major interest structurally since they 
exhibit higher moduli than any other steels. Mechanical 
properties are reasonably uniform in the longitudinal and 
transverse directions and, provided the material is given a 
heat treatment around 450°/500° C. after all forming, the 
adverse effects of cold work can be eliminated. 

The major problems with such steels are that full-strength 
sheets need to be manufactured individually by sheet rolling. 
heat-treated individually or in small packs, and _ then 
individually flattened by hammering. The available sheet 
sizes are somewhat limited, the surface finish as received is 
rather poor and the flatness just about adequate. Machining 
characteristics are moderate and forming is possible to mild 
curvatures. 

Thus, structurally, these steels are the most desirable, but 
they do give rise to some difficult production problems. 
PRECIPITATION HARDENING STEELS (e.g., FV.520). 

These steels show moduli approaching those of the 12 
Cr group but require double heat ‘treatment and are there 
fore amendable to fabrication. The forming is undertaken in 
the fully softened state and the two heat treatment stages 
follow. Distortions can be rectified but if more than very 
mild strains were induced the mechanical properties could 
be seriously affected; a +0.4% dimensional change could 
occur on the first treatment and this could involve special 
jigging problems. 

The strength of the P.H. steels is comparable to that of 
the 12%, Cr types, but there is about 10%, directionality, the 
longitudinal direction being the weaker. 

Generally, therefore, the P.H. steels are advantageous in 
that they can be formed in a low strength condition, but 
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the main problem lies in subsequent dimensional changes in 
the heat-treatment cycle. 

STABILIZED AUSTENITIC CR/N1 STEELS (e.g., 18/8 steels such 
as §.520, FV.FDP., etc.). 

These steels have moduli some 25% lower than the 12 
Cr steels, but an improvement of about 10% is obtainable 
if heat treated around 450° C. or around 525°/550° C. after 
all forming. The mechanical properties are markedly direc- 
tional, and functions of the method of manufacture, type of 
loading and heat-treatment condition, as shown in Figs. 8 
and 9; these variations require special precautions in design 
The strength of the 18/8 Cr/Ni types is achieved by cold 
work. and for adequate elongation is rather lower than for 
the types previously mentioned; also, the drop with tem- 
perature tends to be more marked. 

Forming of the 18/8 Cr/Ni steels in the full strength 
condition to general curvatures is practicable by a rolling 
process followed by wheeling, but bend radii need to be 
reasonable (particularly if Ti stabilized, when outcropping 
inclusions cause surface defects or cracks). 

The lower stiffness and strength of the 18/8 Cr/Ni steels 
is therefore the penalty to be paid if increased formability 
and ease of production is required. It also needs to be noted 
that these steels are not yet available in the bar form at 
useful strength levels. 

UNSTABILIZED AUSTENITIC STEELS (e.g., AIS] Type 201. 
FV.FSM.1.). 

These steels are modified versions of the more conven- 

tional 18/8 Cr/Ni types, adjustment to the composition 
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Fig.9. Variations of C, with t,(i.e., the 0.1 % proof strengths 
in compression and tension) in a stabilized 18/8 Cr/Ni steel 
before and after heat treatment. 


having resulted in an increase in strength for a given 
ductility and a lower, more useful, proof/ultimate ratio 
Heat treatment around 350° C. after forming is required for 
modulus improvement but otherwise with minor discrepancies 
these steels are improvements on the 18/8 Cr/Ni types due 
to the improved formability at a given strength level. It is, 
however, to be noted that the lack of stabilization, whilst 
eliminating the surface condition troubles, means that con- 
ventional welding processes are often not appropriate. 
Summarizing, therefore, the available steels do not appeai 
to be entirely at a stage where they could immediately be 
introduced for quantity manufacture of civil aircraft without 
some production problems. However, it is believed that the 
problems could, for at least some of the steels mentioned, be 
satisfactorily overcome given the necessary additional develop 
ment work. 


Effects of High Temperature Service on Fasteners and Joints 

Space limitations preclude adequate discussion of the prob- 
lems which occur in this field, but the selection of mechanical 
fasteners for high temperature service requires special care due 
to cyclic heating and cooling producing a complete redistribu- 
tion of assembly stresses and frictional effects. This radical 
change imposes the need for a complete reassessment of fatigue 
behaviour due to alterations in interference fits, frictional load 
transfer characteristics, bolt pretension, etc 


Properties of Adhesives for High Temperature Service 


While the discussion so far has dealt with material for the 
main structure it is important not to forget the effect of tem- 
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Fig. 10. Shear strength of bonded joints at elevated 
temperature. 


perature on other materials used in the airframe. For example, 
adhesives are widely used in modern aircraft structures but 
their behaviour at high temperatures is not normally very 
good. 

Fig. 10 shows the variation of high temperature shear strength 
of a standard lap joint bonded by a current widely used 
adhesive. The curves plotted are the design allowables, which 
are the mean values reduced by a factor to cover scatter in 
strength properties. The current types of adhesives in common 
use have very little application above about 80° C. but new 
high-temperature adhesives are available which give reasonable 
strengths up to at least 150° C. 

Of course, these hot strengths are not as good as the room 
temperature strengths, but it is probable that they will be 
acceptable for a Mach 2 aircraft. For higher speeds it seems 
unlikely that resin bonding can be used; welding or brazing 
will then be required. 


Non-metallic Materials for High Temperature Service 


The properties of non-metallic materials at high tempera- 
tures, and particularly over long periods ‘of heating, is a 
subject all on its own and cannot adequately be dealt with 
here. Suffice it to say that most present-day materials should 
be capable of use up to about 100° C. but higher speed 
aircraft require development of better temperature resistance 
in fuel tank sealants. plastics structures, electrical insulators, 
tvres, etc. 


Summary 


It is obvious from this brief review that, in the development of 
supersonic aircraft for long period utilization (particularly at 
the higher operational speeds), the metallurgist will find that 
his work is of vital importance. A considerable amount of 
the development costs of such aircraft will have to be devoted 
to such investigations on which the operating speeds and 
hence the economics of the venture are likely to be critically 
dependent. 
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Materials for Missiles and the Space-age 


By J. E. Allen, B.Se.(Eng.), A.F.R.Ae.S., A.M.I.Mech.E., A.F.1.A.S.* 


E SCIENCE of aeronautics, with its primary need to 
develop materials of high strength/weight ratio, has 
always provided a stimulus to the application of new materials 
and processes of fabrication. No better instance of this could 
be cited than the 1893 International Aeronautical Congress in 
Chicago, where the potential gains to be had from aluminium 
and its alloys, magnesium and even titanium were discussed. 
A subsonic aeroplane could be well served by wood, steel 
and the light alloys of aluminium and magnesium, but the 
advent of the jet engine and supersonic speed radically widened 
the need for different materials. Titanium. which provided a 
higher strength/weight ratio at elevated temperatures, joined 
the list of “common” industrial metals only 10 years ago. 
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Since then the structural requirements for hypersonic speeds 
have increased the demand for better high-temperature metals 
and alloys. ; 
Metallurgists and chemists have not been slow in advancing 
new solutions to these problems, but the research and develop- 
ment needed to bring the vast numbers of new materials to the 
stage where they can be considered acceptably safe for airborne 
use takes time. This is increased as new 
materials are being asked to satisfy a 


aeroplane-like devices, such as target drones and decoys 
built of plastics structures for reasons of economy. Because 
of the current interest in long-range bombardment missiles, 
this article is confined to items (a), (b) and (c) only. 
The missile heating problem, as it leads to the specification 
of properties of materials, can be conveniently divided into: 
(1) Sreapy-sTaTe SrRucTURAL HEATING arising from aero- 
dynamic heat input on cruise vehicles in which fairly stabilized 
conditions are encountered during most of the flight. The 
heating rates are of the order of 5 kW./sq. ft.; solutions are:— 
(a) To allow the structure to become hot so that radiation 
equilibrium is attained. This needs high-temperature metals. 
(b) Insulation, permitting the inner structural material to 
be of relatively low-temperature material. 
(c) By liquid or gas cooling of the skin. 
In all the above cases the material has to have good eiastic 
and expansion qualities. 


(2) PRopuLSION HEATING as in rocket nozzles or ramjet 
exhaust pipes. In most—but not all—cases, thermal equi- 
librium is reached between the gas flow and the metal and 
typical heating rates are 50-2,000 kW./sq. ft. 

In these cases the structural problem is reduced because, in 
general, the items are not load-carrying. This encourages the 
use of refractories and cermets. 


(3) ICBM Re-entry HeaTiInG which at 1,000-3,000 kW./sq 
ft. presents the most intense heating rate. As it is a transient 
condition lasting only 10 seconds or so, quite different solutions 
are possible. The two most promising are the heat sink and 
ablation. 

High-temperature Structural Metals and Alloys 

Although light alloys, steel and titanium alloys already avail- 
able will be able to satisfy most missile structural needs up to 
about Mach 5, the controversy over the Mach number at which 
a changeover from light alloy to steel is necessary continues. 
Titanium costs are still too high for some applications, but new 
titanium alloys offer promise; an example is Crucible Steel's 
B-120CVA (73% Ti, 13%V. 11% Cr. 3% Al with 
100,000 Ib./in.’ ultimate and 94,000 Ib./in.’ yield at 550° C. 

Structural temperatures likely to be met in future hypersonic 
glide vehicles are shown in Fig. 1. The surface leading-edge 
temperature occurs where aerodynamic heat input equals 
radiation loss, giving, for example, 2,000° K. at Mach 10 at 
100,000 ft. Massive heat-sink leading edges or ceramic inserts 
could cope with these temperatures. The main structure will 

(Continued on page 249) 


Table 1.—_PURE METAL DATA 


much wider range of qualities than 
igh- : Thermal Mean 
before, such - high temperature Lanta Meltin, Boiling Specific E (in) conductivity | specific heat Ea 
fatigue, resistance to severe acoustic Metal point Ce) point (°C.) gravity | Pe (egs. units) | (cal./g./°C.) | (Ib./in*. °C.) 
vibration effects and reaction to ionized (0-100°C.) | (0-100°C.) 
gases. In missiles some of these qualities Aluminium. . 660 2.057 27 101 0.57 0219 232 
- ’ Ch be 1,850 2,200 74 144 0.16 0.110 234 
A previous article has dealt with the a 1,492 3,000 871 93.6 0.16 0.104 374 
materials problems of supersonic aircraft. Sepper ya = a sa i oes 4 
Additional materials problems peculiar  oisium 1,700 3,200 13.3 41.7 0.03 0.035 120 
to missiles arise as follow:— Indium 155 2,000 73 6.08 0.06 0.058 397 
Mainly heating effects—{a) Essen- — = by ee A. as a ae 
tially aeroplane-like missiles which fly  (eag ni ‘p7 1'740 113 5.63 0.08 0.031 67 
faster than supersonic aircraft, e.g., Lichium 196 1.220 Os a 0.17 094 = 
ed i nesium.. E a ‘ 
Navaho (M=4) and the hypersonic § (ogiMionum | 2,610 3.700 103 113 0.34 0.062 214 
boost-glide bomber,  ceggee mo Nickel #2 1.455 2.900 89 93.5 on 0.108 399 
= 10); isti issi whose Niobium .. : : : 4 . : 
(M10); (b) ballistic _— Palladium .. 1,553 2,200 11.9 39.6 0.17 0.059 187 
atmospheric re-entry imposes €XCep- Platinum 1,773 4,300 21.5 28.6 0.17 0.032 198 
tionally severe heating, well beyond Rhodium 1,985 2,500 12.5 91.0 0.20 0.060 349 
normal aircraft experiehce; (c) rocket Frum | ame | ii | ies | 3 | af | S08 | i 
and ramjet motors, tanks and PuMp- Thorium 1.845 3,000 11.5 25.9 - pia 119 
ing of liquid rocket fuels. Mainly Tin | 232 2,260 73 25.8 0.16 0.054 160 
fabrication problems: (d) Missiles freer | jae | fag | tz | #3 | 8% | Som | if 
sreraf. eg. ground-iaunched Blood: Yorum:.| ima | 3m0 | ‘ts | $7 | $8 | Sie | fe 
ircraft, e.g., ground-launc - anadium 1, i t ’ ’ 
h ao aineaie | Fire- Zine “19 907 7.14 54.3 0.27 0.094 434 
hound or air-to-air interceptor Fire Oe 1,845 Pr 4 Hen 77 one ber 2s 
streak and Falcon; (e) subsonic . ' . ‘ 


* A. V. Roe Weapons Research Division. 


E= Young's modulus; p=density ; «=coefficient of expansion. 
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wHy THE LIGHTNING 


IS INCOMPARABLE 


THE AEROPLANE 


pies = 


All-weather operation. The aircraft can operate 
by day or night inall weathers and therefore pro- 
vides front line defence at all times. It has full 
navigational and landing aids, airborne search 
and track radar. Automatic flying aids enable 
the pilot to concentrate on the task of attack. 


An integrated weapon system. The airframe, its 
components, engines, armament, fire control 
system and other equipment have been devel- 
oped to work together as a co-ordinated whole 
so as to achieve the maximum operational per- 
formance. 


Flexibility. The aircraft has a wide speed and 
performance range, the measured speed range 
to date being very much greater than ten to one. 
Alternative armament and other auxiliaries give 
it great versatility. 


Inherent aerodynamic stability. The aircraft is 
fully supersonic yet inherently aerodynamically 


THE ENGLISH ELECTRIC COMPANY LIMITED 


MARCONI! HOUSE, 336/7 STRAND, LONDON, WC2 


stable and free from pitch-up throughout its 
speed range without any assistance from elec- 
tronic aids. 


Twinengines for safety and economy. The instal- 
lation of twin-engines enables complete dupli- 
cation of all power control systems and the 
power supply forthem. At the same time it gives 
supersonic performance without re-heat and 
affords considerable fuel economy under ap- 
propriate conditions. The positioning of the 
engines along thecentre-line of the fuselage pro- 
vides maximum safety, since the aircraft does 
not develop asymmetric characteristics when 
flying on one engine. 


Development potential. The basic design has 
great potential for development, not only in per- 
formance, but also in adaptation to other roles. 
This ensures economies in production and 
operation. 
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A MEMBER OF THE ENGLISH ELECTRIC AVIATION € ROU 2 
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(Continued from page 248) 


be cooler than this, but there is considerable interest in the 
potentialities of many metals now actively being tested for 
structure applications, such as molybdenum, beryllium and 
vanadium. 

Two real difficulties involved in introducing new structural 
materials are the extensive testing required over very wide 
conditions for numerous qualities, and the natural reluctance 
of the chemical industry to embark on costly refining plant 
until a massive demand can be foreseen. The current costs of 
some of these metals can be expected to fall, once large-scale 
production begins. 

Vanadium is now about $60/lb. (compared with $1,800 in 
1950); niobium costs $90/lb. (fabricated); beryllium, $100/Ib. 
including toxicity safeguards). Some of these metals have 
nuclear applications and in some cases this need may justify 
their being produced in commercial quantities 

At the moment the brittleness of beryllium is a hindrance 
to its use for structures, but it is being used successfully as 
large ICBM heat sinks. Already a dozen American companies 
sell beryllium and L.C.1. will set up the first beryllium plant in 
Europe this year. Its initial task is a nuclear one, but aero- 
nautical interest in this material is aroused by its light weight 
ind high strength or light weight with unusual rigidity. LC.L., 
already producing titanium and zirconium, are actively 
investigating vanadium, tantalum and niobium. 


GRAPHITE _-~METAL 


PRIMARY -- CERAMIC 
STRUCTURE INSULATOR 
DOUBLE LAYERS OF REFLECTIVE FOIL 


BULK ; 
INSULATION CORE 


Fig. 2. High-temperature insulated wall structures ; left to 
right: graphite tile, metal tile ; metal tile with wire core. 


Aeronautical engineers should watch closely the availability 
of such metals in the next decade as they offer quite different 
material properties. Table 1 gives data on many of the new 
metals, together with those of the well-known elements 


Insulation 

The need for new high-temperature structural metals can be 
avoided by providing an insulating layer. The ceramic coat- 
ings are not adequate for this application and typical solutions 
ire shown in Fig. 2, where tiles are superposed over various 
insulating materials. These have been flight tested on models 
it Mach 8.5. Many insulation materials are now available and 
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Fig. 3. Typical nose-cone cooling tests made by the N.A.S.A. 


Fig. 4. A wedge section of molybdenum titanium alloy being 
coated with molybdenum disilicide by plasma jet. 


well tried for missile use, such as silica, asbestos and foamed 
plastic 


Structural Cooling 

Another possibility which has been extensively tested is 
liquid or gas film or transpiration cooling (Fig. 3). Porous 
light alloy suitable for transpiring liquids is available for 
de-icing purposes, and recent developments in stainless-steel 
versions are possibilities for high-temperature missile 
applications. 

The desirability of cooling depends on the balance between 
the extra weight of the cooling system and the avoidance of 
high-temperature structural metals. The amount of liquid 
needed depends on many factors, but for an efficient transpira- 
tion on a surface at Mach 10 at 150,000 ft., 8 Ib. of water are 
required per sq. ft. per hour to cool the surface down to 
200° C. 


Rocket Nozzles, Refractories, etc. 

Missile parts needing high heat-resistant materials include 
rocket thrust chambers and nozzles, jetevators, ramjet combus- 
tion chambers and after-burners, and the interior of nose cones. 
Although nickel alloys developed for gas-turbine use find a 
place in the high-temperature corrosive environment of liquid 
rocket motors, recent advances in ceramic technique suggest 
these offer many solutions as heat-resistant materials under 
these extreme temperatures. 

Many ceramics can be sprayed on to metallic surfaces with 
oxy-acetylene flame, such as Alumina [AI.O,, Rokide Al], 
Zirconia [ZrO., Rokide B], Titania [TiO.], Spinel [MgO AI,0,] 
and Zircon [ZrSiO,]. Coating thickness is between 0.005 in. 
and 0.1 in., and typical operating temperatures are 1,500- 
2,500° C. A further development is the reinforced ceramic 
coating employing steel or molybdenum in either mesh or 
expanded form, or aluminium silicate and quartz fibres. 

Although ceramics retain their strength at higher tempera- 
tures than do metals and alloys, they are far more brittle and 
subject to thermal and mechanical shocks. The combination 
of metals with ceramics (cermets) is an attempt to overcome 
this limitation. The possible combinations of metals, borides, 
carbides, silicides, etc., are limitless. 

For the future (with a possible requirement up to 3,500° C.) 
the use of the plasma jet torch enables even more refractory 
materials to be applied as coatings on metal. Fig. 4 shows a 
Giannini plasma jet at a temperature of about 10,000° C. 
spraying molybdenum disilicide on a molybdenum titanium 
alloy wedge. 

Some important refractory compounds to be watched are: 
Hafnium carbide, which melts at 3,890° C.: beryllium oxide, 
2,530° C.; and zirconium oxide, 2,480° ¢ 
Heat Sinks 

The ballistic missile warhead re-entering the Earth’s atmo- 
sphere at 23,000 ft./sec. encounters a total heating rate of about 
60 megawatts, which can locally raise its surface temperature 
above that of the Sun’s surface (7,000° C.). The heat sink 
should be as light as possible, readily fabricated and not fail by 
(i) loss of strength due to temperature, air pressure or 
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deceleration loads; (ii) thermal stresses; (iii) loss of surface 
material by melting or spalling; (iv) by ignition. 

Some published work by the NASA gives a good indication 
of the behaviour of different materials under these conditions. 

Inconel X is unsatisfactory, as the surface melts before any 
significant heat has been transmitted to the sink. Copper is 
good but tends to oxidize, whilst graphite, although far superior 
on a weight basis, suffers high surface gradients causing 
spalling. Beryllium is attractive but brittle. 

The fabrication problems have been tackled vigorously. 
Republic are known to have made beryllium heat sinks for 
ballistic missiles, and a specification has been issued for a heat 
sink for the NASA manned capsule. This is to be 1 in. thick, 
7 ft. in diameter with a 126-in. radius of curvature. 


Table 2.-COMPARATIVE BEHAVIOUR OF HEAT-SINK MATERIALS 


Typical temp. 
Class Examples Results guient °C. Jin. 


Good, but heavy 750 
Low diffusibility not 
materials; Cobaicalloys effective as a heat sink 
. Lightweight Beryllium Very good-—but 
rv etals brittle 
. Semi-metais Graphite Rapid oxidation 


High thermal 
conductivity 
Refractory 


Copper, gold, 
silver 
Stainless steels 


Ablation 

The principle of ablation is that the layer of material on the 
surface is allowed to melt and vaporize or sublimate, thus 
allowing some of the heat to be absorbed as latent heat. A 
further important mechanism is involved—namely, when the 
ablated material in liquid or gaseous form breaks away from 
the surface and forms a protective shield which reduces heat 
transfer to the remaining surface. The foreign material ejected 
into the airstream results in a thickened boundary layer and is 


Table 3.—RELATIVE EROSION RATES OF VARIOUS MATERIALS* 


Temperature °C. 
Resin 


Phenolic-glass cloth 


Phenolic-Refrasil cloth 
Phenolic-nylon cloth 


* From “Industrial and Engineering Chemistry.” 


— downstream, transferring heat from the hot stagnation 


Senentel ablation materials include resin-bonded glass 
laminates, nylon, teflon and ammonium chloride. These 
possess effective heats of ablation many times greater than the 
useful heat absorption of copper as a heat sink. 

Some relative performances of plastics laminates under such 
conditions are shown in Table 3. Comparison of ratings should 
be made only in individual columns. 


Miscellaneous 
Advances have recently been made in new glass-ceramics for 


high-temperature radomes. Pyroceram, by Corning, is reported 
to operate up to 1,000° C.; other high-alumina ceramic 
radomes are made by Gladding, McBean and Co. Many 
important materials problems occur in the interior equipment 
of many missiles. These include the provision of silicone oils 
operating at higher temperature than ordinary hydraulic fluids 


Conclusion 

It will be appreciated that this brief review has only touched 
upon some material highlights. Clearly there are many new 
materials problems that will arise with future missiles and their 
solution will demand intensive research on many fronts. 


Spaceflight Materials 


bears a similar relation to spaceflight as does the take-off run 
to a long-range aeroplane—that is to say, imposing on the 
design only a small portion of the total mission requirements. 


PACECRAFT entering and leaving the Earth’s atmosphere 
at near orbital speeds will have many design features 
similar to missiles of the classes already described and hence 
they will have common material requirements. The two 
broad types of re-entry vehicle would appear to be the hyper- 
sonic aeroplane, little different from the highly swept wing 
glider (akin to DynaSoar) and the bluff symmetrical vehicle 
(akin to the ICBM). Thus high-temperature structural alloys, 
heat sinks and ablation techniques would be expected. 
Important though the atmospheric path is, this only 


Conventional military-type rocket vehicles appear quite 
adequate for launching purposes at the moment and designs 
of the near future will probably follow fairly closely those 
of today, making use of light alloy, steel and titanium 
metals. 

The space vehicles themselves will gradually evolve quite 
distinct design trends. This is natural, as the evironment in 


Fig. 5. Inflatable satellites made 

of extremely thin piastics material 

covered with aluminium foil have 

been devised by the Langley 

Aeronautical Laboratory in 
America. 
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space and the design specifications will be radically different 
from those of Earth-bound missiles and aircraft. 

The spaceflight materials problem can be classified as 
follows:-— 

(a) THE PreseNt—Here we have immediate problems 
arising in satellite flight with the ever-present need to reduce 
payload weight, because of the adverse launch weight of 
existing rocket systems. Electrical power supply and 
satellite temperature control are important requirements. 

(b) THe NearR Future—When manned orbital vehicles 
appear, problems will be introduced concerning crew cabin 
design, pressure suits, recovery gear and radiation and 
meteor guards. 

(c) THe More Distant Future—With more ambitious 
operations being conducted in interplanetary space and with 
the advent of nuclear and electrical propulsion systems will 
come a third set of special materials requirements. 


Clearly our present experience is woefully small. However, 
some radically new design and environmental problems can 
be specified with reasonable certainty. Extensive laboratory 
tests, under representative conditions, are already being used 
in the search for new alloys, cermets and plastics for space- 
vehicle needs. 


Plastics Balloons as Artificial Earth Satellites 
Low-density inflatable pressurized structures have been 
employed for large spheres for satellite drag determination or 


Fig. 6. In this ion accelerator re-entry into the Earth's 
atmosphere can be simulated. lons are generated and focused 
into a beam directed at the material being tested. 
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Fig. 7. A hypothetical 
space craft equipped with 
the components of a 
nuclear propulsion 
system. 


Fig. 8. An apparatus for studying the effect of radiation on 

nuclear-powered aircraft components. Alpha particles from 

@ polonium source can be seen emitting a flower-like pattern 
in the centre of the chamber. 


corner reflectors for orbital radio experiments. Those shown 
in Fig. 5 are 30-in. and 12-ft. diameter spheres (weighing 9 Ib.) 
and a 12-ft. corner reflector. 

They are made of a layer of plastics film a thousandth of 
an inch thick covered on either side by aluminium foil, each 
layer of which is only half that of the plastics. They are 
propelled into orbit in a deflated condition and closely packed 
in a small container. When in orbit they are inflated by a 
small nitrogen bottle. Even larger inflatable satellites are 
to be made of more complex shapes for other duties. 

Plastics balloons having such thin skins will be vulnerable 
to meteorite impacts and are only intended for short-time 
experiments. To improve the “ stay-time” of these inflatable 
devices rigidizing foam can be employed. 


Noble Metal Coatings, etc. 

When satellites like Vanguard are launched, they are pro- 
tected from aerodynamic pressure and heating by a jettisonable 
plastics or light-alloy nose cone. Although this simplifies the 
material specification the surface has to satisfy unusual and 
exacting requirements hitherto unheard of in aircraft or missile 
work. 

Satellites often have to be visible by reflected sunlight for 
tracking purposes and thus need a specular reflecting surface 
with a high reflectivity. Although a polished metal surface will 
suffice for this, such a surface would become excessively hot. 

A solution is to provide a coating of dielectric material which 
is transparent to the visible wavelengths and relatively opaque 
to the infra-red. Thus the visible reflectivity is only slightly 
affected, but the low temperature emissivity is greatly increased 
and its exact value determined by the coating thickness. 

In Vanguard this was achieved by a thin evaporated layer of 
silicon monoxide over a plated gold surface, overlaying this 
with an opaque film of evaporated aluminium to provide high 
reflectivity and finishing with a film of partially oxidized silicon 
monoxide to give the required emissivity. 

A satellite also attracts an electric charge because of its 
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passage through ionized atmospheric regions and this influences 
gas resistance. The conditions of dissociated gas atoms as they 
touch the windward surfaces can be influenced by the nature 
of the surface material and if surface catalysis occurs, whereby 
dissociated particles recombine, heat transfer and drag can be 
changed. These are further conditions to be satisfied by surface 
materials and considerable research in these problems is needed. 


impact 

The hazard of meteor impact damage to space vehicles should 
be reasonably avoidable by the provision of an external skin 
(or bumper) spaced a small distance from the structural skin. 
The kinetic energy of meteor impact with velocities up to 
200,000 ft./sec. is absorbed in mechanical penetration, melting 
and heating of the bumper. Steel or aluminium are suggested 
as likely materials. Calculations indicate that to provide protec- 
tion for an orbital vehicle for a year, a bumper of 0.15 cm. of 
Dural. or 0.06 cm. of steel would be needed. 

Another erosion phenomenon, not so well understood, is the 
pitting caused by high-velocity ions encountered in the upper 
air during re-entry. For vehicles frequently traversing the 
atmosphere, such as orbital ferries, this may raise another 
material requirement which might be met by new alloys or the 
use of ceramic or plastic coating over leading edges and noses. 
Experiments directed to this problem are in head (Fig. 6). 

resent-day spaceflight is based on missile technique and 
adaptation of missile hardware. The time must come, however. 
when the design of more advanced vehicles has to be faced. 

The severe take-off limitations imposed by rocket launching 
seem to place a prohibitive restriction on vehicle design so 
that orbital construction of space vehicles must eventuaily be 
expected. Then the full exploitation of design for the true 
space environment should be possible. In the absence of 
weight ratio. In the absence of a corrosive atmosphere, elements 
can be based on the more familiar forms favoured by the civil 
engineer, and fuel tanks can be spherical for the best volume 
weight ratio. In the absence of a corrosive atmosphere, elements 
and alloys not suitable on Earth can be considered. 

Fig. 7 indicates a possible type of construction for a true 
space vehicle—a long-range interplanetary craft propelled by a 
nuclear rocket system. Spherical tanks for liquid hydrogen 
propellent are clustered at the model's centre. Shields to pro- 
tect the tanks from direct solar radiation and heat from the 
reactor are located both fore and aft of the tank cluster. 

Other radical materials problems arise from the need to radiate 
waste heat from electrical propulsion or auxiliary power genera- 


Fig. 9. An artist's impression of an ion rocket space vehicle. 


tors. In a Rocketdyne proposal, Fig. 9, wing-shaped radiators 
are used to reject heat. 

An interesting design study by General Electric for a 400-day 
nuclear power unit also empioys large radiators which are 
flexible and fold round the central cylindrical body for take-off. 
This study includes a 12-stage molybdenum gas turbine using 
helium as a working fluid, ceramic nuclear fuel elements and 
beryllium oxide moderator slabs. 

Radiation effects from nuclear powerplants and auxiliary 
power sources will clearly have an influence on the choice of 
structural materials. Until more is known about the design of 
nuclear engines for space vehicles and the radiation and tempera- 
ture levels at which they operate, the magnitude of the material 
problem cannot be judged with certainty. However, it is 
already known that whilst strength and ductility of some materials 
are impaired by radiation, in others strength is increased. 
Experiments to investigate these effects are already under way 
as shown in Fig. 8 

The structure of manned vehicles may be influenced consider- 
ably by the intensity of cosmic radiation. Recent satellite and 
Moon-probe experiments have indicated bounded regions of 
intensities significantly greater than anticipated, although this 
immediate difficulty can be avoided by suitable choice of flight 
path. Mass shielding is a dreadful bogy hovering over the 
future of manned spaceflight, for choice of material does not 
seem to influence the effectiveness of a shield, it is only the 
total mass that counts. 

There is no end to the materials that will be needed for 
advanced spaceflight and it is certainly unwise to go further 
than indicate requirements and possible solutions at the moment 
One of the earliest proposals for a novel use of material in space 
was the employment of plates of sodium as a sun reflector for 
vehicle power generation. The difficulties of transporting the 
metal into space with oxidation may have led to the more 
recently preferred methods using metallized fabric. Another 
strange use of metallized plastic film is to provide solar sails 
that are calculated to give thrust by the interception of sola: 
radiation pressure. 

The evolution of special materials for space vehicles may be 
a slow process and the true divergence of this technology from 
its familiar airborne equivalent must await the availability of 
satellite material laboratories in which realistic testing can be 
done irrespective of environment. If the usual pattern of 
research is followed, however, one might expect such research 
to benefit the materials problem in many other industries. 


The “ wings” are radiators to reject excess heat. 
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Materials and Processes . .. . 


THE AEROPLANE 


Structural Materials 
for Modern Civil Aircraft 


By K. Bentley, M.A., A.F.R.Ae.S.* 


HERE is no suggestion that structural materials used in 

present-day civil aircraft are radically different. at least 
chemically, from those used 20 years ago. Rather, it is that 
experience, development, different manufacturing techniques 
and different structural uses have combined to bring alloys out 
of their seclusion or to push others into the background after 
a short period of favour 

It is the intention of this note to state some of the facts 
and opinions which have influenced the choice of the prime 
structural materials in a modern civil aircraft. This is then 
illustrated by reference to the Vickers Vanguard. Attention 
will be focused on aluminium-alloy sheet, plate, extrusions and 
forgings, which comprise 80 to 90 of a modern civil 
aircraft structure 


PROPERTIES OF ALUMINIUM ALLOYS 

Fig. 1 gives a list of the longitudinal properties, main 
chemical composition, and type of material of some aluminium 
alloys in use. 

A curve of interest is shown in Fig. 2, which indicates the 
compressive stresses that can be obtained from stringer-skin 
combinations plotted as a function of P/L—where P is the 
end-load per inch and L is the bay length. The figure also 
gives a rough idea of the parts of an aeroplane structure to 
which it applies. 

Inspection of the data of Figs. | and 2 would give the 
impression that the aluminium-zinc alloys would be a universal! 
material satisfactory for the majority of structures. Unfor- 
tunately, these alloys have several disadvantages which preclude 
their use in many conditions. It is advantageous here to state 
some of the problems that affect the use of some of the above 
alloys. 

Fatigue 

There is a considerable amount of data available which 
indicates that single heat-treated or naturally aged alloys (L72. 
L64, DTD.5010 and 24ST4) have better fatigue resistance than 
the double heat-treated or precipitated alloys (L73, L6S, 
DTD.5020, DTD.5050). Tests were carried out at Vickers- 
Armstrongs (Aircraft), Ltd.. to compare the effects of heat 
treatment on otherwise identical specimens. 

Two types of specimens, as shown in Fig. 3, were tested, one 


* Senior designer, Vickers-Armstrongs (Aircraft), Ltd 
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Fig. 2 


with unloaded holes, the other with bolted joints. All the tests 
were carried out at the same stress level, and the results are 
given in the table. It will be seen that the results for the 
single heat-treated specimens were appreciably better than for 
the precipitated or double heat-treated. 

There are at least two hypotheses which are put forward to 
explain this. One, that it is merely the crack-propagation rates 
that are better with single heat-treated alloys; the cracks form 
at the same time in both types of alloy, but in the single heat- 
treated alloys they show later and cause complete failure later. 
The other hypothesis is that the precipitation or age-hardening 
process is akin to the fatigue process and has used up some of 


FIG. 1 Properties and composition of some common aluminium alloys. 


Minimum guaranteed properties 
— Young's 
Material Specification 01% | Ultimate El modulus 
Proof | tensile Ona" | tb./in.? x 10° 
en ee a stress | stress ton 
| tons/sq. in. | tons/sq. in A 
Aluminium copper alloys | Single heat-treated (or naturally aged) alloys | L72 Alclad sheet 16 | 25 15 
Primarily 44% copper, 0.6% magnesium | cee | 
DTD.5010 Plate an 12 
} Bete. i 
| Extrusion 15 | 25 12 
L64 — 
Forgings 14 24 15 
Double heat-treated or precipitated) alloys L73 Alclad sheet 27 } 21 8 10.5 
DTD.5020 Plate Ss | = & 
Extrusion 27 31 8 
L65 
Forgings 26 30 8 
Aluminium copper alloy American type 24ST4. | Single heat-treated (or naturally aged) alloys | Plate ee” ee 28 14 
Primarily 44% copper, 14% magnesium 
Aluminium zinc alloys Double heat- 
Primarity 6% sine ouble heat-treated (or precipitated) alloys | DTD.687 Alclad sheet 27 30 8 
DTD.5050 Place 29 33 7 10.2 
| DTD.683 Forgings 27 32 7 
DTD.363 Extrusion 33 38 5 
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Cc to A Average 
Type of specimen Material ilure cycles a 
x10-* x1o~* Minimum 
DTD.S010 2.34 
0.425 1.377 3.2 
1.363 
Plain holes 
OTD.S020 0.122 
0.258 0.184 15 
0.171 
DTD.5010 0.764 
0.371 0.663 18 
0.852 
Bolted joints 
OTD.S020 0.249 
0.297 0.242 1.35 
0.179 
: 
J 
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Fatigue Test Specimen Fatigue Test Specimen bolted joint 
Fig. 3. Tests at stress of +8 tons/sq. in. 


the life inherent in the alloy. If the latter hypothesis is correct, 
it makes the use of aluminium-zinc alloys suspect as tension 
material, since it seems to be difficult to stop these alloys 
ageing continuously throughout their life. 


Crack Propagation 

Tests carried out on the rates of crack propagation at given 
stress levels in various alloys show that cracks propagate more 
slowly in single heat-treated alloys than in double heat-treated 
alloys. A list of sheet materials in order of slow rates of crack 
propagation is 24ST4, L72, L73, DTD.687, based on present- 
day information. 


Stress Corrosion 

Stress corrosion is a term used to denote the brittle splitting 
(allied to a fatigue failure) of alloys under the action of time, 
corrosive conditions and stress, either internal or external. 

Corrosive conditions always exist and can be alleviated by 
paint or other protection. Stresses, to a greater or lesser 
extent, always exist and may be due to residual stresses in 
making the metal, riveting or other assembly stresses, or 
stresses in forming the finished part, e.g., any local bending 
operations. Tests carried out to compare the various alloys 
subjected to various corrosive conditions give conflicting results, 
the order of merit depending on the kind of corrosive 
conditions applied. 

It is clear that similar structures in service have behaved 
better when made from aluminium-copper alloys than they did 
when made from aluminium-zinc alloys. The problem has to 
some extent been confused by the variation in the amount of 
chromium in the latter alloys. Chromium is added to improve 
the stress-corrosion characteristics. 

Residual stresses can be reduced if alloys with little or no 
chromium are boiling-water quenched. Unfortunately, other 
stresses appear during the course of manufacture and, because 


of the lack of chromium, they are then acting in a material 
more prone to stress corrosion. It can be seen that the two 
requirements are conflicting and a solution is to use the alloy 
containing chromium and reduce the manufacturing stresses by 
other means. 

Generally, the aluminium-copper alloys are better than 
aluminium-zinc, and the single heated forms much better than 
the double heat-treated ones. However, the zinc alloys in their 
unprecipitated state are very susceptible to corrosion. 


Porosity 

All metals as received from the manufacturer contain defects 
to a greater or lesser degree. Various inspection methods now 
in common use enable the grosser defects to be eliminated at 
source. This still leaves small defects or porosity present; and 
the designer fairly obviously does not want porosity. Big steps 
have been made in recent years in the direction of getting rid 
of porosity and no clear line can be drawn to say that one 
material is altogether better than another, although possibly 
aluminium-zinc alloys could be said to be best, with 24ST and 
L65 following. 

It is fair to say that a certain amount of porosity is accept- 
able, provided it is not continuous. It is also true that it is 
more acceptable in a ductile single heat-treated alloy. 


Ductility 

It is difficult to state the advantages accruing from the use 
of a ductile material or to state exactly what is meant by a 
ductile material. It may be defined as a material having a low 
“yield ”-to-ultimate ratio or “proof ”-to-ultimate ratio and 
good elongations in all _— A comparison of four 
types of alloys is given in Fig. 

Any uncontrolled, od wht residual stress which appears 
in a structure at any time during its manufacture will 
limited by the magnitude of the yield stress and thus by its 
ductility. This must inevitably have a good effect on the life 
of a structure and could be the major contribution to the 
better fatigue life of single heat-treated alloy structures. 

The use of ductile materials also enables the load distribution 
in any redundant structure to adjust itself and give a higher 
static strength. The ability of a structure to “ give” and 
adjust itself to take up any stress concentrations is a funda- 
mental of most engineering structures. 

It may be argued that design for fatigue involves more 
accurate calculations on classical theory of elasticity lines, so 
as to predict stress concentrations and eliminate them. 
Unfortunately, most engineering structures, particularly in areas 
susceptible to fatigue, do not seem to very amenable to 
this type of calculation and, in lieu of this, a favourable stress 
distribution produced by using a ductile metal must be 
beneficial. 


Fig. 4. Ductility properties of various alloys 


: Guaranteed minimum 
Material Proof/Ultimate elongations % 
ratio 
Longitudinal Short transverse 
DTD.5010 0.65 15 4 
DTD.5020 0.85 8 3 
DTD.SO050 09 7 3 
24.ST4 0.7 4 4 


Plate, Forgings, Extrusions 

Alloys in the extruded form are usually capable of develop- 
ing the highest strengths and this form of alloy is usually 
reserved for members loaded in one direction, such as stringers 
or spar booms. 

The use of forgings for other than simple sections has the 
advantage of having the minimum amount of waste material 
and, at the same time, producing the best material properties 
with very little porosity. Unfortunately, the residual stresses 
are often quite high and consequently the distortion on 
machining may be considerable. The cost of dies is quite high 
and leaves little room for change of mind on the part of the 
designer. From many points of view the use of large forgings 
leaves much to be desired and attention is being diverted to the 
use of stretched plate. 

Generally speaking, the billets from which the plates are 
rolled should be preforged to give good mechanical proper- 
ties. This applies particularly to the thicker plate. The plates 
should be stretched approximately 2%, so_as to reduce the 
internal stresses built into the plate. The distortion on 
machining is then small and much less than that produced 
when forgings are machined. 

For some of the maior structural members thick plate of 

(Continued on page 255) 
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MARTIN-BAKER 
FULLY AUTOMATIC EJECTION SEATS 


PROTOTYPES and TEST PILOTS 


The following twelve test pilots have saved their lives in Martin-Baker Ejection 


Seats by ejecting from aircraft during test flights : 


J. O. Lancaster - - - Sir W. G. Armstrong Whitworth Aircraft Ltd. 
Commander V. Cus - - - Italian Air Force 

. Bryce - : - - Vickers-Armstrongs (Aircraft) Ltd. 

. E. Gunn - - - - Boulton Paul Aircraft Ltd. 

. M. R. Walton’ - - - Sir W. G. Armstrong Whitworth Aircraft Ltd. 


. Zurakowski 


Avro Aircraft Ltd. (Canada) 


Vickers-Armstrongs (Aircraft) Ltd. 


Haflinger’ - - - - F.F.A.G. Switzerland 


J 
M. C. Muir : - - - De Havilland Aircraft Co. Ltd. 
J 
. Bignamini - : - - Fiat Aircraft Company 

J 


J 
A 
P 

G. J. Horne 
R 

. Brunner : : : - §.T.M. Switzerland 
D 


. Knight - - - - English Electric Co., Ltd. 


Ensure that Martin-Baker Ejection Seats are fitted in your Prototype Aircraft 


MARTIN-BAKER : 


England & Canada 
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The supreme tool 


... for dynamic analysis 
. . . for optimisation of multiparameter systems 


SPACE 


‘SPACE’ (Solartron Precision Analogue Computing 
Equipment) is the ultimate aid for solution of all dyna- 
mie problems. 

‘SPACE’ Computers, themselves optimised multi- 
parameter systems, are available custom-built to any 
required capacity —or in standard form. 

THE SOLARTRON ‘SPACE’ Applications Service 
is available to assist you both before and after installation. 
Comprehensive, skilled advice can be given on all 
applications of analogue computer techniques. 


‘MINISPACE’ _10-amplifiers 
aga” 5 6‘SPACE 30°’ 30-amplifiers 
TT ee ‘SPACE 48° 48-amplifiers 


All are designed for unlimited expansion. 


Write now for literature and applications reports 


THE SOLARTRON ELECTRONIC GROUP LTD 


THAMES DITTON . SURREY - ENGLAND 


Telephone : EMBerbrook 5522 . International Telex : 23842 Solartron T. Dit. . Telegrams and Cables : Solartron, Thames Ditton. 
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(Continued from page 254) 
quite large cross-sectional area is required. Facilities for 
stretching these large plates have only just become available 
and the technique for obtaining consistently good billets from 
strength and porosity aspects is still in its intancy. Better 
results appear to be obtained with the 24ST-type alloy than 
DTD.5020. 

In comparing thick plates with forgings, account must be 
taken of the fact that, generaily, the ruling section will be 
thicker on plate and, therefore, the mechanical properties 
obtained will be worse than those obtained with forgings. To 
offset this, the smaller maximum size of forgings sometimes 
means the use of joints otherwise unnecessary with plate. 


STRUCTURAL APPLICATIONS 

Generally, all sheets used are Alclad because of the increased 
resistance to corrosion provided by the aluminium surface. 
Unless there are definite strength requirements, L72 should be 
used because of its better overall properties. In a large per- 
centage of the structure made from sheet the higher proof 
stresses of double heat-treated material are not required 
strengthwise and their indiscriminate use is to be deplored. 
There appears to be a strong case for the production in Britain 
of a clad 24ST alloy sheet, since this offers the best of both 
worlds. | 

The aluminium-zinc alloys have been largely excluded from 
the discussion which follows, except for members almost wholly 
stressed in compression. This is because, in the writer's 
opinion, it has so many disadvantages as a tension material that 
the small weight savings that might appear are unimportant. 


Mainplanes 

Most new civil aircraft are tending to use integral fuel tanks 
in the wing structure. This, among other things, has led to the 
use of integral stringer-skin panels machined from solid plate 
aporoximately 2 in. thick. A typical cross-section of such a 


skin panel is as shown in Fig. 5. 


Fig. 5. Typical machined stringer-skin. 


Considering the top surface first, this surface is primarily 
in uniform compression, the reverse-bending tensile stresses 
being relatively low. Referring to Fig. 1, it will be seen that 
for the outer wings there is little to choose between DTD.5020 
and DID.5050, the former being slightly better due to its 
slightly higher Young’s modulus. Single heat-treated alloys 
need not be considered since fatigue is no real problem 

In the inner wings there is some saving in weight by using 
DTD.5050, but this saving depends on the aircraft loading. 
In the Vanguard this saving varies from 100 Ib. to 300 Ib. 
between two versions, one with a 40% increase in payload. 

To offset the weight saving arising from the use of DI'D.5S050, 
there are difficulties brought in in manufacture. The rough- 
machining operations are carried out in the solution-treated 
condition. DTD.5050 in this condition age-hardens very 
rapidly and is also much more susceptible to corrosion. Any 
forming operations must be carried out with much more care 
on DTD.50S0 because of its high susceptibility to built-in 
stress. With the above factors in mind, earlier Vanguards 
have the top surface skin of DTD.S020, and on later versions 
with increased payload the inner top surface is DTD.S0SO 

The bottom surface design is governed by fatigue and 
by reverse bending producing compression. Tests carried out 
showed that single heat-treated materials had improved fatigue 
life and slower rates of crack propagation than double heat- 
treated alloys. Unfortunately, there was a weight penalty 
involved in using the available DTD.5010 compared with 
DTD.5020, due to the compressive stresses in reverse bending. 
The difference in strength may be seen from Fig. 2. 

The possibility arose of using 24ST-type plates when, due 
to the higher proof stress, no weight penalty was involved in 
the use of a single heat-treated alloy. The American 24ST4 
material was thus specified for the bottom surface. This alloy 
was not new in Britain, but had fallen into misuse many years 
earlier. 

In most conditions where forgings are used the weight- 
saving due to using zinc alloys and sot copper is often small 
and, in view of other difficulties mentioned, there is little 
justification in their use. L65 forgings give good results, apart 
from distortion in machining. For reasons already mentioned, 
stretched plate is tending to replace forgings and parts which 
were machined from L6S forgings are now being machined 
from DTD.5020 plate. 


Fuselages 

For pressure cabins, information at present available suggests 
that single heat-treated 24ST and L72 skins are preferable to 
double heat-treated L73 and DTD.687. This is particularly so 
from the crack-propagation point of view. The ability to 
absorb assembly stresses also weighs in their favour. 

General fuselage bending and shear is supported by the shell 
stiffened by longitudinal stringers. Since fatigue of stringers is 
of secondary consideration, double heat-treated stringers either 
L73 or extrusions should be used for improved compressive 
strength. With the general stringer/skin configurations in 
fuselages, the difference between L72 and L73 skins, combined 
with L73 stringers, is theoretically small and practically zero. 
Compression panel tests have shown that, within the limits of 
measurement, no difference occurs. 

The most heavily loaded fuselage structural members are the 
members round all major cut-outs and the frames distributing 
wing loads into the fuselage. Most of these members are 
subjected to rapid variations in bending and end load, and the 
higher proof stress of the double heat-treated materials will 
have a small effect on the weight. Because of fatigue-life 
considerations the ultimate tensile strength is not of prime 
importance. 

Generally, the members are machined and if forgings were 
used L65 would be chosen. The distortion of such members 
on machining is often critical and it is convenient to use 
stretched plate. Experience so far indicates that, considering 
all aspects of manufacture and structural weight, the use of 
24ST stretched plate is the best compromise. This appears to 
be particularly true when thick plate is required where, to date, 
experience indicates that more consistent results are obtained 
with 24ST plates than DTD.5020, porosity being better and 
the mechanical properties more consistently achieved. 

From the strength aspect the use of the more ductile 24ST is 
intuitively a good feature. The usual strength calculations do 
not allow for the non-linear deformations of such structure 
(calculations to allow for this would be extremely difficult), but 
the use of ductile materials can be shown in simple cases to be 
a good feature. On these grounds it is thought that arbitrary 
talk of weight penalties due to the use of low proof-strength 
alloys may be misleading 

The windscreen structure is a special case, particularly when 
machined from the solid. It is essential that the bed for the 
glass should be in one plane and thus distortion on machining 
is not allowable. Owing to the configuration of these structures 
the use of stretched plate is extremely difficult and, after con- 
siderable test work, an RR.5S7 forging was chosen for the 
Vanguard's windscreen. 

This material is essentially a 6 
treated at 530° C., quenched in water and aged 10-30 hours at 
215° C. Machining experience is very good and practically 
free from distortion. The residual stress levels are very low 
and the fatigue life is good. The mechanical properties are: 
proof stress. 15 tons/sq. in.; ultimate, 25 tons/sq. in.; and 
elongation, 8%. 


Tail Unit 

Much the same arguments that apply to the wing and 
fuselage apply to the tailplane and fin structure, and the form 
of alloy is settled in a similar way 

FUTURE DEVELOPMENTS 

There is a need for the development of alloys such as RR.S7 
with good properties from the distortion and residual stress 
point of view, but with the better properties of 24ST, L65 or 
DTD.683. There are many who will argue that this alloy is 
already available with the boiling-water-quenched DTD.683. 
but experience to date leaves much to be desired in the 
aluminium-zinc alloys. On the ductility side the proof ultimate 
ratio often gets perilously near | in practice. 

In the case of integral machined skins there is a case for 
rolling the plates to a shape much nearer the final machined 
shape and thereby getting enhanced mechanical properties and 
a saving in billet weight. Generally, the move to tbicker 
plates and larger billet sizes requires an investigation into 
means of improving the material properties. 

In conclusion it will be noted that the discussion above 
centres round a plea for more use of the ductile single heat- 
treated aluminium alloys to the exclusion of aluminium-zinc 
alloys in all except a few special cases. Future developments 
just around the corner may bring these alloys back into the 
limelight, but present thoughts are to regard them with 
mistrust. 

Finally, it must be pointed out that the opinions presented 
are the author’s own, but many of the statements made are 
based on test work carried out at Vickers-Armstrongs 
(Aircraft), Ltd.. and elsewhere 


aluminium alloy, solution 


tes RRS eerie = 2 or 
> eas Bop dey (00. states 
SS eee 
7ae ee 4 ‘ ae SS Se a 
= es oy eee ree SC SS aa ae Me ay 
Sa a ee ME nc Ee REEMEINIEESS — 
‘ ¥ 
Md 
ee 
*) 
ty 
a | 
: 
- 
ia 6 
= : 
‘ 
qc 
a _ | 
é 
4 
or 
si 
CE Se Smee 
ee 


THE AEROPLANE 


Materials and Processes 


‘ * 


FEBRUARY 27, 1959 


Trends and Techniques 


Activities which come under the general heading of materials and 
processes used in aeronautical engineering include a great deal of 
effort directed towards developing the basic structural materials 
and devising new techniques for their fabrication into forms from 
which components can be made. In this section we briefly describe 
some of the more important developments that come within this 
category and give a selection of the companies concerned. 


Light Alloy for Airframes 


E aluminium industry and the air- 

craft industry, roughly of the same 
age, have grown up together. In the 
last 30 or 40 years the development of 
both has been remarkable and it can 
truthfully be said that each has had an 
influence on the other; certainly the con- 
stantly increasing demands of aircraft 
designers for materials of higher quality, 
increased size and greater dimensional 
accuracy have been a spur in_ the 
aluminium industry's growth, especially 
since the War. 

The fabricating equipment which has 
been installed has in large measure been 
determined by the aircraft industry's 
requirements, and the range of alloys 
also contains many that were originally 
developed for aircraft uses. These are 
the heat-treatable alloys, in which 
copper, or magnesium and zinc are the 
main alloying constituents, and whose 
composition and mechanical properties 
are covered by British Standard and 
Ministry = Supply specifications such 
as B.S. 

Alclad CO high-strength alloy 
sandwiched between thin lengths of 
99.7% pure aluminium—is another 
example: it was designed principally to 


give the aircraft industry a skinning 


material combining both strength and 
resistance to corrosion and is now 
adopted by other industries. 

All the chief commodities of the 
aluminium industry are used in airframe 
construction—sheet, extruded sections, 
casting and forgings—each with its own 
stringent requirements. But their use in 
airframes has recently undergone a 
significant change through the introduc- 
tion of the technique of integral con- 
struction, which is probably the most 
radical airframe development since the 
introduction of light alloys. 

Essentially, it involves the substitution 
of one component for an assembly of 
many—sheet, sections and forgings—to 
give greater structural _ efficiency. 
Although there are many major diffi- 
culties in its application, the indications 
are that the trend towards larger and 
fewer primary structural parts of large 
surface area will continue. Many of the 
difficulties raised are concerned with the 
availability of material in sufficiently 
large sizes, and here again the full 
co-operation of the aluminium suppliers 
is engaged. 

At present the most practical method 
in this country for producing com- 
ponents with large areas is to machine 


the required contours from rolled plate 
or slab. The main difficulties are the 
availability of adequate milling 
machinery, suitable slab material and 
the special equipment and plant necessary 
to produce it. 

However, great strides have been made 
in recent years in the development of 
contour-milling machines with high- 
specd cutting heads. Many of these are 
American, but in recent years several 
British ones have been produced. 

To provide the large stress-relieved 
plate which is the raw material for 
machines such as_ these, Northern 
Aluminium have, for example, installed, at 
their Rogerstone Works, equipment com- 
prising an elevated bottom-loading heat- 
treatment furnace, a 4,000-ton stretching 
machine capable of handling material up 
to 50 ft. long, 10 ft. wide and 6 in. 
thick, a large installation for the ultra- 
sonic inspection of plate for internal 
flaws, and a heavy-duty saw for trim- 
ming the plate to the required size. This 
equipment has made plate available in 
sizes never before attainable. 

Quenching after solution-heat-treat- 
ment gives rise to internal residual 
stresses in the plate which can cause 

(Continued on page 257) 


The 4,000-ton plate 
stretcher and heat- 
treatment furnace of 
Northern Aluminium 
at Rogerstone. 
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Already fired under service conditions, the A.W.A. Seaslug is the Royal Navy’s 
first ship-to-air missile. Powered by a sustainer motor and four boosts, the 


r I i Ee Seaslug engages bombers at any height up to the maximum at which modern 
aircraft can fly. It is fired at individual aircraft selected by long-range 


A VAZ A radar and the firing crew is far smaller than the crew of a gun turret in a 
“s ws major warship. The first ships of the Royal Navy to be equipped with the 
Seaslug are four County class fleet escorts, which are on order. The trial ship, 


S i= A Ss L U G H.M.S. **Girdle Ness*’, is now in service and has already carried out many 


successful firings at sea. The Seaslug has been designed, developed and i be 
constructed by Sir W. G. Armstrong Whitworth Aircraft Ltd., pioneers in guided ss 
missiles, in collaboration with the General Electric Co., Ltd. and the Sperry Seca 
Gyroscope Co., Ltd. 7 q 


bss 2 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., BAGINTON, COVENTRY 


MEMBER O F HAWKER SIDDELEY AVIATION DIVISION 
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(Continued from page 256) 
distortion when it is machined. The 
most effective means yet found for 
removing these stresses is controlled 
stretching. The 4,000-ton stretcher is 
capable of handling material wider than 
the present plate-rolling capacity, but a 
further expansion programme at present 
in progress will rectify this, the main 
item of equipment being a 144-in. hot 
mill. This rolling mill will give the 
aircraft designers even greater freedom 
in the design of integral construction 
components. 


The ultrasonic inspection unit ensures 
that plate leaving the works is perfectly 
sound, providing the final test in a 
sequence of technical supervision and 
examination that is a most important 
feature of production. The entire plate 
with the exception of a dead zone about 
1/10-in. from the top surface can be 
examined. At present the minimum 
plate thickness which can be examined 
is }-in. 

During the development of integral 
construction various other methods of 
fabrication have been tried such as 


extrusion, rolling and forging, but all 
met with major difficulties, one of the 
most common being that of producing 
components with sufficiently large dimen- 
sions, and machining from the solid is 
now generally regarded as being the 
only practicable method. 
Companies include: 
Almin, Lid.; James Booth and Co., Ltd.; 
The British Aluminium Co., Ltd.; Charles 
Clifford, Ltd.; Imperia! Chemica! Industries, 
Ltd. «(Metals Division); E. and E. Kaye, 
Litd.; Magnesium Elektron, Lid.; Northern 
Aluminium Co Lid Ti. Aluminium, 
Ltd.; W. Wilson and Sons (London), Ltd.; 
High Duty Alloys, Ltd 


Titanium for Aircraft 


ITANIUM is a relatively new con- 

structional material with an extremely 
high strength/weight ratio, excellent 
resistance to corrosion and to heat at 
moderately elevated temperatures. It is 
already being used extensively in the 
leading aircraft of today. While it is 
more expensive than conventional 
materials, the weight savings effected 
thrcugh the use of titanium lead to 
lighter and more efficient aircraft. 

Imperial Chemical Industries, Ltd., 
pioneered the manufacture of metallic 
titanium in Great Britain and are the 
principal suppliers of semi-fabricated 
forms in this country. Melting plant 
capacity is now 2,000 tons a year and 
ingots weighing 1 ton and 2 tons are in 
regular production. 

Another company playing an important 
part in this field is William Jessop and 
Sons who have developed the vacuum- 
melting technique for titanium alloy. 

A range of higher-strength titanium 
alloys is available for use in stressed 
applications such as compressor blades, 
discs, casings and by-pass ducts, engine 
rings, forgings, bolts and other fasteners. 
The combination of lightness and 
strength at moderately elevated tempera- 
tures will make possible considerable 
saving in weight compared with heavier 
conventional materials. 

Intensive research and development on 
titanium alloys is being pursued to meet 
specific requirements of aircraft designers. 
Particular attention is being devoted to 
heat-treatable alloys which can be 


formed in the soft, solution-treated con- 
dition and subsequently aged to achieve 
much higher strengths than those pre- 
viously attained. Other alloys have good 
creep resistance and offer a_ useful 
extension to the temperature range in 
which titanium can be used. 
Commercially pure titanium, because 
of its low density coupled with ability 
to withstand moderate temperatures for 
long periods or high temperatures for 
short periods, is now an_ established 
material for heat-resisting applications 
such as fire-proof bulkheads and exhaust 
shrouds. It is also being considered for 
use in hot-air ducting, heat exchangers 
and hot-zone skinning. Resistance to 
attack by sea water, fuels, hydraulic 
fluids and solvents makes titanium suit- 
able for storage tanks, control systems 


and other applications where immunity 
to corrosion is an important factor. 

LC.l. Metals Division supplies four 
grades of commercially pure metal; the 
strongest is Titanium 160, the softest and 
most ductile, Titanium 115. They can all 
be welded by argon-arc, resistance or 
flash-butt techniques, and to obtain 
maximum ductility after welding it is best 
to use the softest grade _ possible 
consistent with mechanical strength 
requirements. 

Jessops market seven types of titanium 
alloy under the Hylite trade name. Of 
those, Hylite 50 is suitable for com- 
pressor discs or blades. 


Companies include: 
Imperial! Chemica! Industries, Lid 
(Metals Division); Wm. Jessop and Sons, 
itd.; Titanium Metals and Alloys, Lid. 


Steels and Special Alloys 


LTHOUGH low-alloy” or __non- 

stainless steels still find considerable 
use in aircraft, recent trends are in the 
direction of stainless materials. Of 
the more special non-stainless steels, 
considerable use has been made of 
boron-treated low-carbon molybdenum 
steel for welded assemblies and, in con- 
trast, extra-high-tensile steels (120 t.s.i. 
tensile) such as Rex 539 (1.5% Si 1.5 


Mn 2% Ni Mo VY) have potential use for 
undercarriage assemblies. 

Many of the more recent applications 
of special steels, however, call for stain- 
less materials, either for pure corrosion- 
resistance or scaling-resistance, or both. 

Modifications of the 10-12% Cr steels 
are in general use in this country as 
turbine-disc materials since the advent 
of disc cooling, and straight 12% Cr 
steel (S62), and special modifications 
(where better creep-resistance is required) 
such as 12% Cr Mo V Nb (F.V.448) 
(65 t.s.i. tensile) are extensively used. 

Recently a further modification has 
been made by adding cobalt to the 12% 
Cr Mo V Nb steel giving F.V.535 (75 
t.s.i. tensile) which has resulted in a 
great increase in permissible service 
stress at the lower end of the tempera- 
ture range, i.e., 450-550°C. 

These three types also find use in 
axial compressors as disc materials, 
originally because of their stainless 
properties, coupled with attractive 
mechanical properties and, more recently, 
for their creep-resistance at high stresses 
and moderate temperatures (350-450°C.) 
now that compressor outlet temperatures 
have reached this level. The 12% Cr 
Mo V Nb (F.V.448) type also finds use 


Heat-treatment of Firth-Derihon gas- 
turbine discs. 


7 j Pes # 
ise : ie eet yd ale ee 
; Bs eat —— Re Se ae ee sais wa — _ — = = m sate neta cea, _ — es = — ce sas Si, ee ‘ bis aa ee 
a | Pe : 
F 
a os oe 
; 1; 
_ _ | 
BP oe 
Fee. 
7 a 
o 
ae. 5 : ‘ i. : s = 
a ie ge} 
— eC ¥ 9 
; eee 7 i 
ie 
bi xe nee 
; oes re Bae : bled — eae 
7 . a 7 ei ae ae a ne * 
—— . a > ———— oa ee, 
, it: =a > ae _ 
. ee 
3 = 
2 i 
- ay e : a Se Ss _- | Sao en eee re ton ee _ -- = 3 5 ts eae et 3 


THE AEROPLANE 


Materials and Processes 


FEBRUARY 27, 1959 


as compressor blading, and a cast 
version (F.V.507) has extensive use as 
various ring sections for engines, mainly 
as centri-spun castings. 

The simple austenitic steels are used 
mainly for their corrosion-resistance, but 
enhanced mechanical properties can be 
obtained by cold deformation. Cold 
rolled 18-8 Ti (D.T.D.166) has a poten- 
tial use for aircraft skins and tensile 
strengths of up to 70 ts.i. can 
developed by cold working, with sub- 
sequent reduction of ductility as the 
tensile level increases. 

A slightly leaner alloy (17Cr 7Ni) 
responds to cold working more readily, 
and a newer range of steels, substituting 
manganese, or manganese plus nitrogen, 
for nickel has a greater capacity for 
work hardening than have the normal 
18Cr 8Ni types. More complicated 
austenitic steels can give mechanical 
properties comparable with the harden- 
ing 12% Cr steels (i.c., 60/70 t.s.i. 
tensile) by precipitation hardening, 
usually by additions of titanium and 
aluminium, as in the American Discalloy 
and A286 types. 

These alloys also have good creep 
properties at temperatures where the 
useful creep-resistance of the 12% Cr 
group of steels begins to fade out (i.e. 
650 Cc. or over), but they are more 
costly, difficult to machine and difficult to 
hot work. Also as relatively high Ti con- 
tents are necessary (up to 2.5%), forging 
of air-melted material can present great 
difficulty and vacuum melting of these 
types is usually advisable. 

A most interesting range of steels has 
recently been developed by Brown-Firth 
Research Laboratories. The general com- 
Position lies intermediate between the 
12% Cr type and the austenitic 18 Cr 8Ni 
types. As a group these contain up to 
14-16% Cr and 4-6% Ni, but can have 
additions of Mo, Cu, Ti and Nb, as in 
F.V.520. Some of these alloys couple 
exceptionally attractive mechanical prop- 
erties with corrosion-resistance as good 
as, or superior to, some of the simpler 
austenitic steels. 

As these steels metallurgically lie 
between the 12% Cr martensitic steels 
and the fully austenitic 18-8 types, com- 
positions have to be controlled within 
fairly close limits. Certain of these alloys 
can exist in either the martensitic or 
austenitic state, and the soft austenitic 
condition can be maintained during fabri- 
cation, such as spinning and other cold 
forming operations. 

A moderate temperature treatment 
(700-750° C.), or deep freezing, is suffi- 
cient to promote transformation to mar- 
tensite, following which the mechanical 
properties can be raised to the required 


level by age-hardening in the 
450-550° C. 

Not all alloys in this group show 
significant secondary hardening, and some 
are used as normal hardened and temp- 
ered steels, such as 12%Cr 2%Ni 
1.5% Mo + Nb (Rex 566) having attrac- 
tive mechanical properties (65  ts.i. 
tensile), but slightly inferior corrosion 
resistance to the Mo-bearing types. 

Alloys in this general range are finding 
applications as compressor disc and blade 
materials, aircraft skins and fabricated 
panel sections. Many of them can be 
readily welded and a number can be cast, 
either as precision castings or as centri- 
spun sections. From both a metallurgical 
and engineering point of view this group 
of alloys is of great interest, and develop- 
ment and applications are expanding 
steadily. 


Special Alloys for Engines 

Since their commercial introduction 
17 years ago one or other of the 
Nimonic range of wrought _nickel- 
chromium alloys has been specified for 
the turbine rotor-blades of every British 
and British-licensed gas turbine, and they 
have also been widely used in foreign 
designs. 

To keep pace with the growing need 
for high operating temperatures over the 
years, a continuous programme of 
laboratory research and _ production 
development has been conducted. This 
has not only produced several new alloys, 
but has also made the earlier alloys avail- 
able in new forms of great value to 
engine designers. 

For turbine stator blading, where 
stresses are relatively low and resistance 
to thermal shock is the primary require- 
ment, casting alloys of both the high- 
nickel and high-cobalt type are widely 
used. The majority of these blades are 


range 


made in Nimocast alloys, especially 
Nimocast 242, a nickel alloy first 
developed by Rolls-Royce and now 


included in the Wiggin Nimocast range. 
Recently there has been a trend away 
from casting and towards wrought fabri- 
cated blades with internal cooling; these 
are invariably made in either Nimonic 
75, 80A or 90. 

Other outlets for these alloys in the 
turbine assembly are for discs and stator 
rings. The alloy used for discs is Nimonic 
90, which has remarkable strength pro- 
perties at medium temperatures and 
enables very thin discs to be used at high 
operating temperatures with little or no 
cooling air. Rings made in Nimonic 75, 
80A and 90 by forging techniques and by 
the flash butt welding of circled bar are 
in quantity production for many of 
Britain's leading aero-engines. Another 


Forged in Nimonic 90 with Nimonic 100 
blades, this turbine wheel is for the 
A.S. Viper turbojet engine. 


method of making such rings is by the 
centrifugal casting process. 

One of the first uses of Nimonic 
material was for flame tubes and turbine 
inlet ducts. Nimonic 75 is still widely 
used for these purposes and, by dint of 
improved design, the operating life has 
been steadily extended. In Dart engines, 
for example, Nimonic 75 turbine inlet 
nozzles frequently exceed 6,000 hr. and 
flame tubes last more than half that time 
without repair. The turbine blades of 
this engine often complete more than 
5,000 hr. before replacement. 

As engine operating temperatures have 
risen so the applications of the alloys 
have grown. Today they are specified 
for structural components, afterburner 
assemblies, igniters, thrust-reversers, 
noise-reducers, ramjet and rocket com- 
ponerts, helicopter tip jets and so on. 
Indeed, in certain engine installations, 
these alloys account for nearly one- 
quarter of the total weight. 

One of the most important develop- 
ments in this respect has been the pro- 
duction of the creep-resisting alloys 
Nimonic 80A and 90 in sheet form. 
Among the equipment which has been 
developed around these materials are the 
afterburners of the Rolls-Royce Avons 
of the English Electric Lightning, and the 
thrust reversers and noise-reducers of the 
Avon and Conway engines. 

Companies include: 

Andrews Toledo, Ltd.; Brown Bayley 
Steels, Ltd.; C. G. Carlisle and Co., Ltd.; 
Darwins, Ltd.; Thos. Firth and John 
Brown, Ltd.; Firth-Vickers Stainless Steels, 
Lid.; W. T. Flather, Ltd.; Samuel Fox and 
Co., Ltd.; The General Electric Co., Ltd.; 

J. J. Habershon and Sons, Ltd. 

Hadfields, Ltd.; Hall and Pickles, Ltd.; 
Wm. Jessop and Sons, Lid.; Kayser, 
Ellison and Co., Ltd.; Low Moor Alloy 
Steel Works, Ltd.; Sheepbridge Alloy 
Castings, Ltd.; Sheffield Forge and Rolling 
Mills Co., Ltd.; The United Steel 
Companies, Ltd.; Henry Wiggin and Co.. 
Ltd. 


Glass-fibre Developments 


NE of the newest materials for air- 
frame structure, plastic-reinforced 
glass-fibre offers considerable scope for 
flight at high Mach numbers. It is used 
in the Mach 2 Convair Hustler bomber. 
At the lower end of the speed range, 
the Fokker Friendship has wing leading- 
and trailing-edge sections of this material. 
Popular uses are for radomes and other 
dielectric fairings, fuel tanks, wing tips, 
air ducts and many other purposes. 
of the first companies in this field in this 
country was Fibreglass. Ltd., who did 


much to pioneer the use of this material. 

In addition to the normal processes of 
moulding and fabrication of reinforced 
plastics by compression, matched metal 
die, open lay-up and vacuum techniques, 
there are three main lines of technical 
investigation now proceeding—resistance 
to very high temperatures; chemical resis- 
tance; and the production of new types 
of raw material. The following informa- 
tion relates to work now under way in 
the laboratories of Microcell, Ltd. 

At this stage in the development of 


reinforced plastics, the problem of 
increased resistance to elevated tempera- 
tures is almost entirely identified with the 
increased temperature-resistance of the 
resin system. The stage has not yet been 
reached where the useful properties of the 
glass-fibre reinforcement begin to fall olf 
rapidly with increase of temperature. 
Several promising polymers have been 
evaluated. Stabilities of several hours at 
temperatures up to 450° C. have been 
achieved and it is clear that out of this 


(Continued on page 259) 
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~ SPONGE RUBBER SECTI 


Special Sections to customers’ drawings produced normally in 6/8 
weeks; but in special cases a new section can be made available, 
including the making of a new die, in 10-14 days. 


Ministry of Air Registration 
Supply Board 
uthority Authorit 

Ret 1679 77 RENSHAW STREET, LIVERPOOL, 1 Rel. Ai 2t5/46 


Telephone : ROYAL 4961/2 


JUDD ROAD, TONBRIDGE, KENT 


Telephone: TONBRIDGE 2795/3928 
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Parafaunalia |. 


2, Blank Gore. 
5, Grommet. 


Key: 1, Gore. 
4, Cone. 6, Sock. 
7, Furled Parachute. 


G.Q. PARACHUTE COMPANY LIMITED 
STADIUM WORKS WOKING SURREY ENGLAND 


Canadian Distributor - Field Aviation Ltd - 


Municipal Airport -° 


=< 
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3, Main Seam. 


Telephone: Woking 2277 


Oshawa * Ontario * Canada 
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(Continued from page 258) 


work will eventually come a new range 
of synthetic resins capable of taking 
reinforced plastics components into areas 
of temperature-resistance not foreseen a 
few years ago. This work entails dealing 
with abstruse compounds containing mul- 
tiplicities of nitrogen, phosphorus and 
boronamines, for example. 

Composite structures using more con- 
ventional materials are also being exam- 
ined from the standpoint of long- and 
short-term temperature-resistance. 

Conventional combinations of poly- 
ester resin and glass-fibre have a useful 
but limited range of chemical resistance 
Despite the fact that the pH* range 
obtained satisfactorily covers a large pro- 
portion of the applications normally 
encountered, there is a considerable 
demand for techniques and materials 
adapted to extend this range—particularly 
into the alkaline field. 

Similarly, there is a necessity for 
increased surface resistance of reinforced 


* The use of pH is a method of expressing small 
differences in the acidity or alkalinity of nearly 
neutral solutions A pH value is the log,, of the 
recip"oca! of the concentration of hydrogen ions in 
an aqueous solution 


Equipment used by 

Microcell to deter- 

mine Young's modulus 

by flexural vibration 
of glass beams. 


plastics vessels to scratching and abra- 
sion. Work in this field by Microcell has 
resulted so far in the development of 
special resin systems which extend the 
pH range through to pH=12 for worth- 
while times and temperatures. Resins of 
specially hard and resistant surface char- 
acteristics have also been developed. 
Two major lines of approach to new 
types of material are being pursued. The 
most important of these is to increase the 
stiffness of glass-fibres so that the design 
usefulness is increased and it is hoped 
that an increase in the stiffness of the 


fibre will result in a material of even 
better fatigue-life properties than the 
already very good results obtained. 

The second major problem being 
tackled is the possibility of compound 
glass/metallic fibre. Although jn the early 
stages of development, this investigation 
holds out promise of useful new reinforc- 
ing materials of increased all-round 
performance—particularly in improved 
performance in temperature-resistance. 
Companies include: 


Fibreglass, Ltd.; Fothergill and Harvey 
(Sates), Ltd.; Microcell, Lid. 


Applications of Metal Honeycomb 


SIGNIFICANT present trend in 

aircraft construction is the increased 
use of sandwich structures—structures 
in which two high-strength facing sheets 
are separated by a low-density core. 

Such structures have a high strength- 
to-weight ratio and a high stiffness-to- 
weight ratio. They also provide a very 
smooth skin and a great resistance to jet 
efflux damage. The most widely used 
core material is aluminium honeycomb, 
this being strong, stiff, consistent in pro- 
perties, and unaffected by environmental 
conditions. In many of these respects it 
is superior to balsa wood, used in early 
sandwich constructions, and foams. 

The considerable strides made in metal 
adhesives in the past few years have 
cleared the way for the development of 
sandwich construction. Aluminium 
honeycomb cores are made either by 
corrugating foil and bonding this together 
with an epoxy resin such as Araldite, or 
by stripping flat sheets of foil with a 
modified phenolic adhesive. 

In the latter case the material is 
bonded and cut into slices of the required 
thickness before expanding to the 
hexagonal cell shape. Honeycomb made 
in the corrugated form is also easily cut 


provided that a high-speed bandsaw is 
used. Cores are now available in pro- 
duction quantities with cell sizes of 4, 4 
and }-in. and foil thicknesses of .001 to 
.004-in., giving densities of 2.2 to 7.9 
lb./cu. ft. 

For bonding cores to skins, film 
adhesives such as Redux Film 775R are 
frequently used. Such adhesives make 
the assembly of the sandwich extremely 
simple. Practically all aircraft companies 
in the United Kingdom are now using 
honeycomb to an increasing extent and 
development abroad has followed suit. 

One of the first uses of aluminium 
honeycomb construction was for the 
flooring panels of aircraft, where it 
effects considerable weight economies 
and has good resistance to concentrated 
loads. A typical weight saving on a 
DC-3 floor is 360 lb. as compared with 
the standard ply floor. Other aircraft 
using these floors include the Handley 
Page Herald and the Fokker Friendship. 

As the advantages of this type of con- 
struction are realized, use in more 
important structural components is 
following. In the Vickers Viscount, 
control tabs of honeycomb sandwich 
were introduced during production and 


The Vickers Vanguard 
elevator is a large 
Aeroweb honeycomb 
Redux-bonded 
sandwich. 


gave a considerable improvement. One 
interesting feature of control tabs made 
in this way is that, as they have an 
accurate and rigid profile, they can be 
made aerodynamically interchangeable. 

Vickers have tollowed this use on the 
Viscount with a more extensive use on 
the Vanguard. In this case, the elevators 
and rudder, besides a considerable 
number of other parts of the aircrait, are 
made in sandwich. The Armstrong Whit- 
worth Argosy uses honeycomb in its large 
freight doors. Some time ago an Avro 
aircraft was built entireiy using honey- 
comb sandwich and the Sud-Aviation 
Trident and Convair Hustler are also 
examples of aircraft making very exten- 
sive use of honeycomb. In the last- 
mentioned machine more than 90% of 
the fuselage and wing surface is of 
honeycomb-sandwich construction. 

For construction of missiles the 
extreme simplicity offered by sandwich 
construction is of particular significance, 
and in the Martin Matador, for example, 
it is claimed that the extensive use of 
honeycomb resulted in a cost of about 
one half that of a “conventional” 
riveted construction. The use of honey- 
comb in missiles and the expected 
increased use of it in delta-winged super- 
sonic aircraft where the low to medium 
structural loadings result in especially 
significant weight saving. mean that sand- 
wiches of higher temperature resistance 
are becoming necessary. 

Stee] has already been used for high- 
temperature service, but when steel 
sandwiches are constructed by welding 
or brazing the cost is generally extremely 
high because of the fabrication difficul- 
ties. The development of high-tempera- 
ture adhesives will make such construc- 
tions much more practical. 


Companies include: 


Ciba (A.R.L.), Lid.; A. V. Roe and Co., 
Ltd.; Short Brothers and Harland, Ltd. 


(Continued on page 260) 
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Developments in Forging 


URING the past few years there have 

been significant developments in the 
forging industry, both in regard to plant 
and techniques, which have enabled 
forgings to be supplied with vastly 
improved accuracy, shape and surface 
finish. 

Outstanding examples of the accuracy 
which can be achieved by the forging 

rocess are compressor and _ turbine 

lades, many millions of which have been 
produced in recent years. With the 
diversity of gas-turbine engines now being 
manufactured, blade forgings are required 
in an increasing range of size and shape. 
These precision forgings are held to an 
extremely close tolerance on the aerofoil 
section and are produced with a high 
standard of surface finish which com- 
pletely eliminates machining of the com- 
plex aerofoil form. 

The original methods evolved for the 
production of precision-forged com- 
pressor blades in aluminium alloys and 
turbine blades in Nimonic and steel have 
been applied to heavier components and 
materials where dimensional accuracy and 
surface cleanliness are required. The 
process is now used for parts made in 
alloys of aluminium, steel, titanium and— 
in the smaller sizes—-Nimonic. In dealing 
with the more expensive materials, a very 
important consideration in favour of 
precision forging is the high utilization 
of metal achieved by this method, and in 
many cases it has been possible to 
eliminate costly machining operations. 

Shapes are now being produced in 
aluminium alloys which would have been 
considered impossible a few years ago. 
This has been achieved by skilful die 
design and the use of advanced forging 
equipment. Undercuts in external shapes 
are now produced, and the high degree of 
surface finish associated with forging can 
therefore be obtained where previously 
casting or machining from solid was the 
only solution. These forgings are used 
where absolute reliability and pressure- 
tightness are required, e.g.,as replacement 
of castings for pump bodies and similar 
components. 

This process is not confined to com- 
ponents which are produced in limited 
quantities; seat-buckle components, for 
example, have been produced in quantities 
approaching 300,000. However, it is 
essential that the forging manufacturer 
should be consulted in the early stages 
of design and advice sought on what can 


be achieved. By adopting such a pro- 
cedure it is possible to effect economies 
in material and in overall production 
costs. 

With regard to surface finish, the 
examples quoted have surfaces which are 
clean and smooth, requiring very little 
subsequent work on them. Treatments 
have been evolved which protect the 
surface of materials that suffer from 
oxidation, and the resulting forgings have 
an extremely good surface finish. In 
certain cases, where an_ exceptional 
standard of finish is required for 
inspection purposes, a bright hand polish 
is applied followed, in the case of 
aluminium parts by anodising. 

Precision forgings can be produced in 
any material which is forgeable, e.g., 


A strut attachment in Hiduminium 66 
forged with the draftless technique by 
High Duty Alloys. 


alloys of aluminium, magnesium, steel, 
Nimonic and titanium, and offer to the 
designer and production engineer, many 
advantages which generally show overall 
economies. 


Companies include: 


Albion Drop Forgings Co., Ltd.; B.S.A. 
Co., Ltd.; Thos. Firth and John Brown, 
Lid.; The Firth-Derihon Stampings, Ltd.; 
Firth-Vickers Stainless Steels, Ltd.; W. T. 
Flather, Ltd.; Garringtons, Lid.; High Duty 
Alloys, Lid.; N. Hingley and Sons, Ltd.; 
The Hughes-Johnson Stampings, Ltd.; Wm. 
Jessop and Sons, Ltd.; Ellison, Kayser and 
Co., Ltd.; Kirkstall Forge Engineering, 
itd. 


Machining 


NTRODUCTION of integral construc- 

tion to airframes has presented new 
problems to the production engineer, in 
removing a relatively large amount of 
material in a short space of time from 
plates, billets or forgings. The original 
plate-router machine was obviously 
nowhere near heavy enough for this new 
class of work. Furthermore, a machine 
had to be developed which could at least 
rough-out these sculptured components 
so as to give much-needed capacity to 
machines in the Cincinnati Hydrotel and 
Rigidmill class. With this problem in 
mind, attention was turned to a heavy- 
duty radial-arm router. Development of 
such a machine was undertaken by 
Wadkin, Ltd., and the following informa- 
tion applies to that company. 

The first model of this type originally 
carried a S-h.p. head. Early tests showed 
that it was possible to remove 2 cu. in. of 
metal per minute per h.p. With the call 
for a machine which would remove as 
much as 20 cu. in. of metal per minute, 


Fusion cutting of steel 

honeycomb by a new 

Wadkin machine using 
special H.S.S. discs. 


Langley Alloys, Ltd.; Light-Meta! 
Forgings, Ltd.; George Morgan, Lid.; 
Omes, Lid.; Rotherham Forge and Rolling 
Mills Co., Ltd.; George Senior and Sons, 
Lid.; Smethwick Drop Forgings, Ltd.; 
Smith-Clayton Forge, Lid.; Smith's 
Stampings Works (Coventry), Ltd.: 
Southern Forge, Ltd.; The United Stee! 
Companies, Ltd.; Vaughan Bros. (Drop 
Forgings), Ltd. 


Techniques 


the original 5-h.p. head was afterwards 
replaced by a 10/124-h.p. head and now 
as a further development router heads of 
20 h.p. are being produced which can 
remove up to 40 cu. in. of metal pe 
minute. 

As aircraft designers called fo: 
sculptured skins and integral airframe 
components in greater quantities, a new 
problem began to arise. The heavy-duty 
router had been a conspicuous success in 
roughing-out operations, saving many 
hours of machining time when compared 
with conventional milling, and then the 
call was for a precision router which 
would carry out finish-machining as well, 
to within the limits of accuracy required 
by the industry. 

When it was realized that the con- 
struction of the first model could not be 
improved upon without making the 
machine very much heavier, attention was 
directed towards an entirely new con- 
struction, and in place of the radial-arm 
machine the articulated-arm router began 
to appear. 

It was then possible to finish-machine 
intricate components which previously 
could only be roughed-out and it was also 
possible to apply an enormous time- 
saving factor to the finishing operations 
where previously this had been confined 
to the roughing-out operations. 

Various improvements have been made 
from time to time, to meet new problems 
put forward by the industry. Hydraulic 
depth-control was designed to foolproof 
depth-setting, and inverse copying equip- 
ment is available to extend routing tech- 
niques to three-dimensional milling. 

Variable or falling angles on 
components began to appear which 
offered new problems to the aircraft 
production engineer. A limited amount 
of machining of this kind has been 
(Continued on page 261) 
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Keeping water out of aviation fuels and liquid hydrocarbons is 
a job for a FRAM Separator Filter. And not only water . . . FRAM 
keeps out solids too— anything down to § microns. Standard 
units are for large-scale installations handling flow-rates of 25 to 
1,000 i.g.p.m. Or more. FRAM trailer-mounted Separator Units 
can be readily moved to any location. 


FRAM Separator Filters and Simmonds Control Valves are 
subjected to stringent tests in the Firth Cleveland Test House 
at Treforest. Proving their function under controlled conditions 
ensures that performance is always up to specification. 


Full details of FRAM separator filters from 


SIMMONDS AEROGESSORIES LIMITED Treforest Glamorgan A Member of the Firth Cleveland Group (Fo) 
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FLAP CONTROL 


specified for the 


This precision built component 
is yet another addition to the 
growing range of Hobson Power 
Flying Controls, Flap Controls and 
other items of hydraulic equipment 
fitted to many of the outstanding 
modern aeroplanes. 


ARMSTRONG WHITWORTH 


A.W. 650 


The design caters for normal 
and emergency conditions, and the 
unit is fully irreversible. 


“ARGOSY” 
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H. M. HOBSON LIMITED WOLVERHAMPTON ENGLAND 
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Materials and 


Processes ... . 


(Continued from page 260) 


possible with a lot of skill and with 
considerable risk on a standard fixed 
spindle moulder, but something more was 
required which would cater for the 
requirements of the industry. 

A variable-angle spindle moulder was 
designed and built which allowed the 
whole of the cutter yoke to swing and 
take up any position within an angle of 
30° about the vertical axis. By means of 
top and bottom guide rollers working 
against independent top and bottom 
templates on the fixture it was possible 
accurately to machine most variable- 
angle profiles. 

A power-feed roller in the table imparts 
a range of linear feeds to the component 
through the fixture, while the canting 
cutter head takes up the angle predeter- 
mined by the position of the two 
templates on the fixture. 

The increased speed of military aircraft 
threw up a new problem calling for 


precision countersinking of rivet holes 
in aircraft skins. To meet this need an 
automatic countersink machine was 
designed and built by Wadkin. This 


machine incorporates a varying rate of 
approach and countersinking feed to the 
bit as well as being able to vary the 
amount of dwell at the bottom of 
the stroke. 

A demand for a milling machine which 
would be fully universal for prototype 
work in the industry led to a new 
universal milling machine being designed 
and built. One of these machines 
incorporates a multi-speed head which 
can swivel through 120°. In addition the 
head has a crosswise traverse in relation 
to the 60 in. by 36 in. table. This table 
has a 60-in. longitudinal traverse with an 
independent rotary movement. Hydraulic 
copying equipment can also be fitted and 
all feeds are infinitely variable, making 


the machine versatile for all types of 
materials and operations. The original 
machine was built as an _ openside 
machine with outboard steady, but 


alternative models can now be offered 
with a bridge-type construction, and with 
a larger table capacity. 

The machining of  steel-honeycomb 
material has created recent problems in 
the industry. Previously, aluminium 
honeycomb’ had _sopresented similar 
problems which had been overcome by 
using a special bandsaw blade, but this 
method was not successful in the case 
of steel honeycomb. Tests to overcome 
this problem were made and finally a 
system of fusion cutting using special 
H.S.S. discs has given an extremely 
satisfactory solution. ; 

New materials, and the demand for 
faster cutting times are all adding to the 
responsibilities of the production 
engineer. This article has merely 
attempted to show that means are 
available to assist in overcoming some of 
these problems. 


Machining Integral Stiffeners 

Changing techniques of airframe 
design and construction have brought 
about new methods of producing airframe 
structural components. A prime example 
of this is the contemporary desire to 
achieve a “fail-safe” structure with 
multiple load-paths available. 

This requirement, with the need for 
greater structural efficiency and a very 
smooth exterior contour, is met by several 
methods. One of these is the use of large 


Wwe? « 


* . . 
A  O perie s Ae 


An Onsrud milling machine routing-out channels in an integrally stiffened wing 
panel for the Vickers Vanguard. 


panels with integral stiffeners, the com- 
plete stiffened panel being machined from 
a large billet of material which is suit- 
ably treated to prevent distortion after 
working 

A current British example of integral 
construction is the torsion box of the 
Vickers Vanguard, and the remarks 
which follow apply particularly to this 
application. 

The stretch-levelled aluminium-alloy 
slabs are received after solution-heat- 
treatment, natural ageing and ultrasonic 
flaw-detection. On delivery to Vickers a 
further flaw-detection check is made and 
each billet is machined flat on both faces, 
using a special-purpose Cramic surfacing 
machine. After drilling of tooling holes 
the billet is machined to width. 

The channel-machining operations are 
a quite involved and relatively lengthy 
procedure. Rough machining of four 
channels at a time is by using five ganged 
cutters on an Onsrud machine. This is 
followed by precipitation heat-treatment 
in an electrically heated forced air- 
circulation oven where the panels are 
heated at 175° C. for 74 hr. 

After heat treatment and the routing 
of cut-outs in the stiffeners in the region 
of the undercarriage attachment ribs 
the panels are returned to an Onsrud 
machine for finish-machining of channels 
and stiffeners. This operation is inter- 
rupted by a pocket-routing operation on 
a modified Wadkin machine before the 
stiffeners are finish-machined to height. 

Various further machining operations 
are performed, tool marks are removed 
by a barrelling process and the required 


panel curvature is obtained by using a 
special press in conjunction with a shot- 
peening operation. 

The above is typical of the methods 


used in machining pre-stretched 
aluminium stock for integral construc- 
tion. The amount of stretch is usually 


14 to 24% in slab form. Each com- 
pany develops its own technique for 
machining according to its experience of 
those surfaces likely to distort. It is 
important for light alloy that no stretch- 
ing is done after the material is fully 
aged or cracking will occur. 

Machining from the slab is the most 
generally used method for integrally 
stiffened panels, although a _ limited 
amount of work has been done in this 
country with forged stock in high-strength 
aluminium alloy. 

Close-tolerance forging is attractive, 
but this is governed by the pitch of 
stiffening ribs and not much has been 
achieved so far in this field. A major 
limitation to use of forged stock is the 
lack of very large forging presses in the 
United Kingdom. 

Companies include: 

Archdale and Co., Ltd.; Asquith 
Corpo., Ltd.; The Butler 
Ltd.; Catmur Machine 
The Churchill Machine 


James 
Machine Tool 
Machine Tool Co., 
Too! Corpn., Ltd 


Tool Co., Ltd.; The George Cohen 600 
Group, Ltd Drummond Bros., Litd.; 
Elgar Machine Tool Co., Litd.; Alfred 
Herbert, Ltd 

Kendall and Gent, Lid.; John Lang and 
Sons, Ltd.;: Henry Milnes, Ltd.; The Newall 
Group Ormerod Shapers, Lid.; a 
Parkinson and Son (Shipley), Ltd.; Soag 
Machine Tools, Litd.; Wadkin, Ltd.; 
H. W. Ward and Co., Lid.; Thos. W. 
Ward, Ltd. 


Removing the Wrinkles 


INISH-FORMING and straightening 

of stainless steel and titanium, and 

the forming of awkwardly shaped parts 

in other materials, can now be achieved 
by the use of hot-forming presses. 

This type of press was originally 
developed by the North American Avia- 
tion Company and is now available in 
this country. It virtually eliminates all 


hand working, improves accuracy of 
parts, removes residual stresses and 
increases the rate of production. Such 


defects as wrinkling, buckling and “ oil 
canning” are automatically removed. 


Parts made on conventional drop- 
hammers and hydraulic presses almost 
always have warped surfaces and 
wrinkled flanges. And it is difficult to 
obtain very small bend radii in corners. 

Before the introduction of the hot- 
forming press these defects were removed 
by hand-working with mallets. or 
hammers—a _ tedious and somewhat 
stress-raising procedure. Hot-forming 
(hot sizing is the term used by North 
American) produces parts of far greater 
accuracy and in a fraction of the time. 

The hot-forming press operates with 
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a combination of pressure, temperature 
and time. At top and bottom of the 
press are electrically heated platens 
which give accurate temperature control 
up to 1,400° F. 

Hydraulic cylinders at front and back 
of the press apply pressure to the sides. 
When the lid is closed down a vertical 


ram exerts top and bottom loading up 
to 300 short tons on the 3 ft.-square 
platen. 

Normally the presses are kept at work- 
ing temperature for the full working 
week and are shut-off only at week-ends. 
Dies are of tool steel or Meehanite and 
are machined to the finished part contour 


because there is no need to make allow- 
ances for spring-back. After removal 
from the press, parts are aged at room 
temperature and do not have to be 
restrained in movement as there are no 
residual stresses to cause distortion. 


Companies include: 
The Sheridan Machinery Co., Ltd. 


Envelope Tooling 


N_ designing a high-speed aircraft 

the external profile is usually one 
of the first features to be stabilized. For 
this reason the outside contours are lofted 
at an early Stage and remain as a 

“master,” even though the internal 
structure may vary considerably during 
the subsequent detail design. 

Envelope tooling makes use of this fact 
and the skin contour becomes the basis 
of the assembly process. This permits 
tool design and the development of 
assembly fixtures to be started early in 
the design of a new aircraft. 

The principle of envelope tooling is that 
of holding the aircraft skin rigidly to 
contour while the internal structure is 
built up on it. The jigs for this purpose 
are virtually “moulds,” each of which 
consists of a series of contour elements, 
set up on a rigid base and arranged to 
support a sheet-metal shell that is con- 
toured to conform to the external profiles 
required for the finished assembly of 
the airframe. 

Fairey Aviation has developed and 

atented effective three - dimensional 
ofting equipment for marking out the 


envelope jig shells or templates to 
establish the position of structural 
members, cut-outs for access panels and 


the outline of the component under con- 
struction. 

The main piece of marking-off equip- 
ment is a scribing tower from which 
vertical and angular datum lines are laid 
out. It is of lattice-girder construction 
and moves on a 12-ft. cast-iron box beam 
datum base. Two sides of the base are 
machined and scraped flat and square to 
within 0.002-in. to serve as horizontal and 
vertical datum faces. The tower can be 
moved to any position along the datum 
base, locked to it and inclined at any 
required angle. A scribing arm is held 
against the datum face of the tower and 
moved manually over the template. 

Several different ty of scribing 
column have been devised to cover all 


s 


e 


requirements. After marking out, the 
sheet-metal shell is drilled to serve as a 
template for drilling the rivet holes for 
attachment of the internal members 
With envelope tooling, both the favour- 
able co-ordination of tooling construction 
with design development, and the lower 
initial cost, justify the construction of 
ee a tools that can later be used 
or full-scale production. By the conven- 
tional method of construction, tooling for 
a protot must usually be of an 
improvi and tentative nature; this 
applies particularly where the aircraft 
constructor builds a prototype without the 


certainty of future contracts. Envelope 
tooling, on the other hand, is economic 
enough to justify its use for building only 
one or two aircraft. 

Besides its own work on the various 
marks of Gannet, the Delta 2 and the 
Rotodyne, Fairey Aviation has carried out 
sub-contract work by the envelope tooling 
technique. The company is producing the 
inboard nacelles for the Vickers Van- 
guard and has supplied envelope jigs to 
Vickers for the leading edges of the 
Vanguard's wing, fin and tailplane. 
et 

The Fairey Asiation Co., Ltd. 


Soldering of Aluminium 


LUMINIUM is eminently solderable, 

being easily wetted by a variety of 
suitable soldering metals—in particular, 
the tin-rich solders—but a considerable 
practical difficulty exists in removing the 
oxide film to obtain contact of the solder 
with the base metal. 

It is to the presence and ease of 
regeneration of this oxide film that 
aluminium alloys owe many of their 
useful properties. The film is very hard 
and not easily dissolved by fluxes. The 
reactivity of the metal is so high that 
damage to the film is almost immediately 
repaired on contact with air. When 
heated (as is necessary for soldering) the 
rate of repair is even more rapid and 
films formed on heated aluminium 
become more quickly resistant to fluxes 
and other chemical solvents. 

Soldering processes were developed 
which depended upon mechanical 
removal of the oxide, but these relied on 
expert technique and the difficulties 
involved prevented general adoption. A 
process utilizing ultrasonic waves to 
shatter the oxide film gave good results, 
but required expensive and delicate 
apparatus. 

A new soldering method has been 
developed by Tiltman Langley, Ltd., 
particularly for aircraft use. The solder 
used is a tin-rich alloy containing minor 
alloying additions of cadmium and 
antimony which provide good 
“ wetability” with a maximum shear- 
strength in the joint. A little copper is 
added to increase resistance to corrosion. 

The process requires a simple tool 
consisting of a handle and rod support 
to which is attached a glass-fibre brush. 
The brush is surrounded by a closely 
fitting metal shield which is adjustable to 
expose the working part of the brush— 
about 2 mm. long. 

The great improvements obtained come 


Lofting machine with scribes and vertical 
rule, used for the Fairey method of 
envelope tooling. 


from the use of a glass-fibre brush. The 
relatively low thermal conductivity of the 
glass fibres avoids cooling of the solder 
and metal, allowing the applied heat to be 
used to the best advantage. The brush 


remains completely unwetted by the 
solder—any mechanically entrained 
solder being completely removed by 


shaking the brush slightly. 

The process is extremely convenient 
and adaptable in operation. It requires 
no preparation of the metal other than 
a simple cleaning before soldering. 
There are no unsightly or dangerous flux 
residues, nor is it necessary to ensure 
the removal of particles of the brush or 
other abrading agent. 

At present, the process has _ been 
applied to a wide variety of uses—-elec- 
tronic chassis, wave-guides, sandwich 
construction and so on. It is of particular 
value where electrical continuity is 
necessary and where the ability to inspect 
the joint properly is necessary. 

Other metals may be soldered to 
aluminium by using this technique. For 
most metals—steel, brass and even 
stainless steel—the same brush technique 
can be used for tinning. For stainless 
steel it is preferable to tin with the 
brush because the fluxes necessary are 
rather corrosive and unpleasant to 
handle. In this case, the pressure to be 
applied to the brush is rather higher 
than for aluminium. 

After tinning, the surfaces are brought 
together and reheated to the fusion 
temperature for the actual soldering 
operation. There is no deterioration of 
the tinned surfaces, which may be stored 
for long periods before actual joining. 

The strength of the solder is 
considerably higher than for other 
low-temperature methods of joining 
aluminium alloys, giving a shear-strength 
of 2} tons/sq.in. and is unique in falling 
off quite slowly with increase in tem- 
perature while retaining useful strength 
up to at least 150°C. 

Companies include: 


Titman Langley, Ltd; 
Developments, Ltd. 


Light Soldering 
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FATHER OF THE JET WORLD’S : 
“FIRST FAMILY” ee 


Powering more types of important modern jet ‘a 
aircraft than any other engine, the J-57 is the father 
of the world’s “first family’’ of jet engines, all de- 
signed and produced by Pratt & Whitney Aircraft. 

Success of the J-57 in military and civil aviation 
is unmatched. It powers nine major types of U.S. 
Air Force and Navy aircraft. In commercial form, as 
the JT3, it is the standard power plant in current 
models of Boeing 707 and Douglas DC-8 airliners. 
Millions of hours of service have proved the J-57s 
efficiency, reliability, and stamina. 


Design excellence of the J-57 has led to develop- 
ment of other outstanding Pratt & Whitney engines: 
the JT12, for executive transports, light fighters, 
reconnaissance aircraft, and drones . . . the J-52 for 
military aircraft and missiles . . . the J-75, now power- 
ing the most advanced U.S. fighter airplanes, and 
widely-ordered in its commercial version for long- 
range Boeing 707 s and Douglas DC-8s... and the 
J-58, an extremely high-powered military turbojet. ae 

In all power classes, these Pratt & Whitney en- 
gines are the “‘first family” of the jet world. 
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PRATT & WHITNEY’S J-57 
POWERS THESE OUTSTANDING AIRCRAFT 
NORTH AMERICAN F-\00 © MCDONNELL F-101 © CONVAIR F-102 ¢ SOEING 
B-52 © BSOEING KC-135 ©¢ NORTHROP Snark © GHANCE VOUGHT F8U 
® DOUGLAS F4D © DOUGLAS A3D *¢ BOEING707 © DOUGLAS DC-3 


PRATT & WHITNEY AIRCRAFT 


> Sole Foreign Distributor: 
) United Aircraft Export Corporation, E. Hartford, Conn., U.S.A. 
European offices: 3/5 Warwick House St., London SW 1, Eng. 
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The oil cooler fan for the WESTLAND WESSEX 
rotor gearbox had to have high perform- 
ance and be of minimum weight and size 


with a reasonable noise level. A special 
arrangement was required for belt drive 
from the tail rotor shaft. 

In only 3 months it was designed and made 
—a 12” axial flow unit rated at 2170 cfm 
at a Fan Static Pressure of 8” w.g. fitting 
neatly into the ducting. 

Airscrew, one of the oldest names in the 
business, have designed fans for most 
duties in very many modern British air- 
craft. When you have a fan problem you’ll 


get faster results if you talk a 
Airscrew 


FROM DRAWING BOARD TO DUTY 


THE AIRSCREW COMPANY & JICWOOD LIMITED - WEYBRIDGE - SuRREY 
TELEPHONE: WEYBRIDGE 2242/7 
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next week in 


Ww 


TESTED 


A new version of a popular British car 
has been under test for the past fort- 
night. A report and full description 
will appear in The Motor next week. 


TOURING 


David Scott concludes his article on 
continental motoring and three young 
men describe an extended holiday in 
the Balkans with a Morris Minor. 


RALLIES 


The Motor puts forward a suggestion 

for a revised definition of a normal 

touring car. There is also a report of 
the Sestriere international rally. 


TECHNICAL 


There will be full technical details of 
the newly introduced models of the 
S.U. Carburetters and Fuel Pumps. 


Place a regular order with your newsagent today 


EVERY WEDNESDAY - ONE SHILLING 
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The Fighting Services 


Queen’s Portrait Commissioned 


PORTRAIT of H.M. The Queen, by Mr. Henry Carr, has 
been commissioned by the R.A.F. Central Fund. The 
portrait will normally hang in the Air Council Room in the 
new Air Ministry building, Whitehall, which is to be taken 
over later this year. Reproductions may be made for R.A.F. 


messes. 


Technical Branch Commissions 


NDER a new scheme being introduced to supplement the 

present entry system the professional requirements for 
a short-service commission in the R.A.F. Technical Branch are 
to be changed. Instead of the possession of a Higher National 
Certificate in Electrical or Mechanical Engineering, the 
minimum qualifications under the new scheme will be a G.C.E. 
with passes in English and four other subjects, which must 
include pure and applied mathematics and physics, at advanced 
level. 

Entry under the new system will consist of officer training, 
with the status of officer cadet, for the first three months of 
service followed by a technical course of about 12 months with 
the rank of acting pilot officer. On the completion of training, 
regrading to pilot officer will take place, with promotion to 
flying officer after two years’ service. Regular airmen, excluding 
those who entered as apprentices or boy entrants, and National 
Service airmen may also apply for these technical branch 
commissions, 60 of which will be offered each year. 


W.R.A.F. Appointments 


ROUP OFFICER J. L. A. CONAN DOYLE, O.B.E., is to 

become Inspector of the W.R.A.F. with effect from April 
22, 1959. Commanding Officer of R.A.F. Hawkinge since June, 
1956, Gp. Off. Conan Doyle was Inspector of the W.R.A.F. 
from April, 1954, to June, 1956, when she succeeded the present 
Director of the W.R.A.F.. Air Cdt. Dame Henrietta Barnett, at 
Hawkinge. 

Succeeding Gp. Off. Conan Doyle as C.O. of R.A.F. Hawk- 
inge is Gp. Off. F. B. Hill, O.B.E., who has been Inspector of 
the W.R.A.F. since May, 1956. From 1954 until 1956 Gp. Off. 
Hill was W.R.A.F. Staff Officer at Headquarters, Home 
Command. 


R.A.F. Aireraft Recognition 

TOTAL of 47 three-man teams representing the Commands 

in this country, the Royal Observer Corps and 2nd T.A.F. 
are to take part in this year’s R.A.F. Aircraft Recognition 
Competition, which is to be held at the Science Museum, South 
Kensington, London, on March 14. This is the seventh year 
of the competition. In the first three contests the major award, 
which since 1954 has been the Handley Page Trophy, was won 
by the R.O.C. On the following three occasions it went to 
Fighter Command, the top team in 1958 being R.A.F. Leuchars. 


COMMONWEALTH RESERVE.—The Australian Minister for 
Air, Mr. F. M. Osborne, talking to pilots of No. 77 Squadron, 
R.A.A.F., at Richmond, N.S.W., before their departure to 
Butterworth, Malaya, earlier this month. Equipped with 
Commonwealth Sabres, the Squadron is joining Nos. 2 and 3 
Squadrons as part of the Commonwealth Strategic Reserve. 


Staff College Lecture Tour 
ED by the Assistant Commandant, Air Cdre. J. R. Gordon- 
Finlayson, D.S.O., D.F.C., six officers of the R.A.F. Staff 
College, Bracknell, leave by air on March 29, for a fortnight’s 
visit to the United States and Canada. Between then and 
April 11 they will lecture on the R.A.F. to the Air Command 
and Staff College, U.S.A.F., at Maxwell A.F.B., Alabama, and 
the R.C.A.F. Staff College at Toronto. A similar visit by 
R.A.F. Staff College officers was made last year under the 
system of exchange visits in force between the Colleges for some 
time and was highly successful 
Other members of the party will be Gp. Capts. A. C. Deere 
and J. M. Stacey, and Wg. Cdrs. N. H. Elliot, C. B. Brown 
and H. M. H. Tudor The team will be flying to North 
America in a U.S.A.F. MATS transport. 


R.A.F. Appointments 


HE following are recent Royal Air Force 
appointments: 

Air Ministry: Wg. Cdr. R. A. Webster to the Department of 
the Air Member for Personnel (with acting rank of Gp. Capt.); 
Weg. Cdr. A. G. Conway, D.F.C., to the Department of the Air 
Member for Personnel; Wg. Cdr. H. T. Morgan to the Department 
of the Air Member for Supply and Organization; Sqn. Ldr. E. L. 
Macro to the Department of the Air Member for Supply and 
Organization (with acting rank of Wg. Cdr.). 

Bomber Command: Gp. Capt. R. C. Fordham, O.B.E., to 
Headquarters, No. 1 Group, as §.T.S.O. 

Flying Training Command: Sqn. Ldr. A. R. M. Watts to the 
R.A.©, College, Cranwell, as Senior Tutor, Humaniatics (with 
acting rank of Wg. Cdr.). 

Technical Training Command: We. Cdr. V. E. G. Alton to 
Headquarters for duty on the Central Staff of the Air Commander, 
Home Defence Forces: Wg. Cdr. A. E. Druett to No. 1 School 
of Technical Training for education duties; Wg. Cdr. E. J. Ough 
to the R.A.F. Technical College as Senior Education Officer; 
We. Cdr. J. H. G. Sarll, D.F.C.. to No. 2 School of Administrative 
Trades to command the Administrative Wing. 

R.A.F. Germany (2nd T.A.F.): Weg. Cdr. D. T. M. Lumsden, 
M.B.E.. to R.A.F. Wildenrath to command No. 17 Sqn. 

Middle East Air Force: Gp. Capt. A. H. Humphrey, O.B.E., 
D.F.C., A.F.C., to R.A.F. Akrotiri, Cyprus, to command, 

Miscellaneous: Wg. Cdr. J. L. Nunn, D.F.C., to SEATO, 
Bangkok, as Planning Officer: Sqn. Ldr. K. F. Venn to R.A.F. 
Luga, Malta, for technical duties (with acting rank of Wg. Cdr.): 
Weg. Cdr. A. P. Vicary, M.B.E., to Technical Training Command 
as Staff Officer to the Inspector-General, R.A.F. 


among 


SKI-FLYER.—interest in winter sports has been stimulated 
among R.A.F. personnel in Europe by the phenomenal 
achievements at St. Moritz of Fit. Lt. Colin Mitchell, who 
is stationed at A.A.F.C.E., Fontainebleau. Among his 
successes were the Cresta Run World’s Tobogganing 
Championship, the Curzon Cup, the Morgan Speed Cup 
and first in the Inter-Services Competition, won by the 
R.A.F. His speed has averaged somewhere around Mach 0.11. 
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Paragon 
from 


Thruxton 


ACKAROO AIRCRAFT, LTD., of Thruxton Aerodrome, 
has designed an all-purpose light aircraft, the Jackaroo 
Paragon. It can be used for private flying, agricultural 

work, freighting and as a trainer. Two prototypes of this 
aircraft are to be built and it is hoped that the first will fly 
by the spring of 1960. 

The Paragon is a low-wing cabin monoplane with tailwheel 
undercarriage. It will be built by subcontractors as a series 
of separate assemblies and assembled by Jackaroo Aircraft. The 
construction of two prototypes and assembly jigs is estimated 
to cost less than £30,000, Financial backing is to be sought 
for the aircraft's development, but if this is not forthcoming 
the Paragon will be produced as a private venture; it is to sell 
for under £3,000 per aircraft. The initial sales effort with the 
Paragon will be aimed at overseas markets. 

Emphasis has been put on simplicity and ruggedness of 
construction and ease of maintenance. The all-metal airframe 
is fabric covered. A feature of the design is interchangeability 
and the use of tubular-steel Warren girder frames to form the 
sides of the fuselage. The airframe can be easily packed in 
shallow packing cases for export. 

For private flying the Paragon will be operated as a four- 
seater. A range of night-flying and radio equipment can be 
easily fitted. There is a shelf behind the rear bench seat for 
occasional luggage and some 15 cu. ft. of baggage space is 
available behind the rear seat. 


“The Aeroplane” drawings by Roy Cross 
© Temple Press Limited, 1959 


e 


For agricultural operation an 80-gal. spraying-fluid tank or a 
dusting hopper can be installed in place of the rear bench 
seat. Both spraybooms and wing-tip atomizers, fed by a wind- 
driven pump, can be fitted. 

For freighting, the rear bench seat can be removed and the 
baggage and seat space used for freight. Lashing rings pick up 
in the seat rails. For the carriage of small goods, a box can 
be fitted to the seat rails in a few minutes. 

As a trainer the aircraft can be flown in the fully aerobatic 
category at a maximum all-up weight of 1,800 Ib. with a crew 
of two only—an instructor and pilot. 

For private flying and carrying passengers the aircraft comes 
into the semi-aerobatic category at an all-up weight of 2,400 Ib. 
i.e., pilot plus three passengers and 390 Ib. of baggage. 


Construction 


The fuselage is constructed from two identical side frames 
of Warren-type girder construction which run from the dash- 
board to the rear wedge, Port and starboard frames are 
interchangeable. These frames are joined by tubular cross- 
struts, and the assembly is wire-braced in plan to form a 
box-type fuselage. 

Above the top longerons the fuselage is removable for 
inspection and maintenance. The lower fuselage is fabric 
covered and the removable top portion light-alloy covered. 

The wings are untapered and are interchangeable, port to 
starboard. Flaps and ailerons are identical in size and position 
and can therefore serve either réle depending whether the wing 
is fitted on the port or starboard. 

Normal two-spar construction is used with tubular steel 
spars and pressed light-alloy ribs. All ribs are identical. Wing 
chord is 5 ft. and the section NACA 23012. Each wing is 
braced at its mid point by two struts which extend from the 
spars to the top longeron. The wings are fabric covered 
except for the leading edge, which has a light-alloy skin. There 
is a 20-gallon fuel tank in each wing. 

The tailplane is a complete assembly which incorporates the 
fuselage rear-wedge. Vertical and horizontal surfaces are 
interchangeable. All surfaces are fabric covered and are 
operated by torque tubes. 

The engine is a Lycoming O-360-AlA, flat-four air-cooled 
unit which develops 180 h.p. at 2,700 r.p.m. for take-off and 
climb and 135 h.p. at 2,450 r.p.m. for 75% cruising power. 
The fuel consumption at 75% cruising power is 10.5 g.p.h. 
If a suitable British engine becomes available, it will be used 
in place of the Lycoming. 

To meet agricultural-aircraft requirements there is a good 
field of view from the cabin and full forward vision is avail- 
able for taxi-ing. Dual controls are standard. The upward- 
opening cabin doors are 4 ft. long. 

Drmensions.—Span, 40 ft.; length, 26 ft. 6 in.; height, 8 ft.; 
undercarriage track, 9 ft.; wing area, 180 sq. ft.; cockpit dimensions, 
length, 6 ft.; width, 4 ft. 3 in. at dashboard, 3 ft. 6 in. at rear 
bulkhead. . ; 

PoweRrPLANT.—One 180-h.p. L conmien, © 260-ALA piston engine. 
uae all-up weight, 2,5 Ib.; maximum payload, 

” PERFORMANCE.—Take-off distance to 50 ft., 850 ft.; rate of climb, 
800 ft./m'n. at sea level in 1.S.A. conditions; cruising speed, 120 
m.p.h.; range, 480 miles; endurance, 4 hr. 
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Correspondence 


The Avro Baby 


REN’S article (January 23) and Mr. Parham’s letter 

(February 6) concerning Gustavus Green and the Avro 
Baby again reminds me that I have never seen any reference to 
the prototype Avro Baby. I doubt if there are many today who 
can remember seeing this aeroplane. 

The prototype was built almost as soon as the 1914-18 War 
ended, and it was rumoured that the Baby was to be flown 
from Southampton Common on Easter Monday, 1919, to 
promote interest in private flying and light aircraft. Unfortun- 
ately, the public had no opportunity to see this trim little job 
which, painted light blue, would certainly have made a great 
appeal. The engine, a 35 h.p. Green, was an old one that had 
lain in storage for a number of years. Mr. R. Longworth 
was responsible for its installation. 

On completion, the Baby was wheeled out for a brief engine 
run prior to first flight and a considerable time was spent in 
trying to start the engine. The pilot (Capt. Hamersiey, I 
think) feeling in need of refreshment, departed for “ The 
Bugle,” in Hamble village. But not before telling us to 
keep the ——— thing running if we managed to get a start. 

Eventually the engine decided to behave, the pilot was 
brought back and the Baby taxied out for take-off. After a 
short run the machine was airborne and, as we watched her 
make a climbing turn towards Southampton Water, we were 
horrified to hear the engine cut out. The Baby stalled from 
about 300 ft. and spun into the ground, narrowly missing an 
R.A.F. canvas hangar near the foreshore. Expecting to find 
the pilot seriously injured, if not killed, we were amazed to 
see him step unhurt from the wreckage. He greeted us with 
the question “ Has anyone a cigarette, please? ” 

According to the pilot, the accident was caused by the 
ignition switch being knocked by his knee into the OFF position. 
Although this was due to incorrect positioning of the switch, 
the very small cockpit left little room for anything other than 
the pilot. So far as I remember the airframe was a write- 
off, but I believe the engine was salvaged and used later in 
another aircraft. 

The prototype Baby’s flying time was less than two minutes, 
but it is good to know that such a beginning did not deter 
A.V. or Roy Chadwick from proceeding further with the same 
basic design. 

Farnborough, Hants. G. V. ELTRINGHAM. 


Crew Complement 


HE question of crew complement has provided the aviation 
world with both speculation and, in some directions, wish- 
ful thinking. 

Recent events in America have shown the depth of feeling 
which exists, and it is fortunate that both in America and in the 
United Kingdom the !egislators are standing firm. 

It may be helpful to your readers if they were informed that 
at least one of the major corporations in this country have out- 
lined their future requirement of crew complement and have 
agreed with this Association that a specialist engineer officer 
will be carried on all present and, indeed, future aircraft: 
further, that so far as can be seen both now and into the future, 
a specialist navigation officer will be carried, when legislation 
requires his carriage. 

The concept which the Corporation have submitted to the 
Association is essentially based on a minimum crew of four. 

London, E.1. J. G. K. GreGory, 

Assistant General Secretary, Civil Aviation, 
The Merchant Navy and Air Line Officers Association. 


MACships 


HAVE been following the MACship correspondence with 

some interest and was pleased to see Mr. Brooks’ list of 14 
ships. I can add one more, M.A.C. “Amastra,” a tanker 
belonging to the Anglo-Saxon Petroleum Co. 

As a former member of 836 Sqn. (see “ Wroundabout,” 
January 23), I can give some details that may be of interest. 
No. 836 Sqn. (Lieut. Cdr. Slater, R.N.), formerly T.B.R., was 
selected to man the MACships in March, 1943. After an A/S 
course at R.N.A.S. Macrihanish and R.A.F. Ballykelly, “A” 
Flight of four Swordfish landed on M.A.C. “ Empire Mac- 
alpine” —a grain ship with hangar. After a short trials period 
in the Clyde, she began escort duties with North Atlantic 
convoys. 

During “A” Flight’s absence the rest of 836 moved to 
R.N.A.S. Maydown, Northern Ireland, which became the base 
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for MACship operations, the squadron becoming a large 
“pool” supplying flights to the various ships. 

On returning from its second convoy “ A” Flight split up, its 
crews taking over as leaders of further flights. My particular 
crew led “E” Flight operating from M.A.C. “ Amastra "—a 
tanker with no hangar which therefore carried three aircraft 
only. 

No. 744 Sqn. was formed as a training unit at Maydown to 
provide crews and flights but I am not certain whether any 
other squadrons contributed as such, or whether they became 
part of 836. 

Each aircraft carried the words “ Merchant Navy ” above the 
serial number. Is this unique? 

No guns or parachutes were carried in order to “ add more 
lightness "—in very light winds one rear crew member was left 
behind. 

The aircraft carried R.P.s and/or depth charges. 

On the first homeward-bound convoy with “ Empire Macal- 
pine,” only one small cargo vessel was lost—sinking after 
collision with the “ Macalpine” which was returning to its 
station in the centre of the convoy after landing-on aircraft! 

Stratford on Avon. KENNETH H. HUNTER. 


In That Order, Too. A change in the Decca 
Navigator company’s hierarchy has brought about an 
extraordinary coincidence. Mr. R. J. Mitchell has 
been appointed their commercial manager, succeeding 
Mr. H. G. Hawker who has joined the board of 
directors. I gather that neither is related to his famous 
namesake nor are the Christian names the same. 
Coincidence enough, though 


* 


Rev. among the Revs. Shel] Aviation News reprints 
some sound advice, entertainingly presented by the 
chief flight engineer of The Flying Tiger Line, on how 
to cope with a runaway prop. After setting out causes 
and effects, he lists dire possibilities and hopeful 
remedies, coming eventually to: “4. If you have a 
chaplain on board, wake him up. At this stage of the 
game you can use all the help you can get.” 


* 


Dept. of Nausea 

Air travel is coming to a pretty pass, according to 
a friend at Boeing. He tells me of an incident at 
New York, a metropolis not especially known for the 
courteous habits of its citizens, especially in connection 
with transportation. A Miami airplane (this is a 
Boeing story) was loading at Idlewild and no less than 
six wheel-chair cases, with priority over the more 
healthy passengers, were being wheeled across the 
apron when, for some reason, the gate was opened 
and the “herd” started thundering towards the 
boarding ramp. At this, the six chairborne passengers, 
all, everyone of them, sprang up and sprinted madly 
for the steps! 

* 


The party of foreign journalists who came over on 
February 10 to celebrate the 40th anniversary of the 
beginning of French commercial aviation were taken 
on a coach tour of the foggy London Airport but, as 
a Swede said to me—‘“In the poor visibility it was 
not very interesting—one Viscount’s tail looks very 
much like another’s.” 
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NOTES AND EVENTS 


CANADIAN SUBSIDIARY.—As a 
result of its increasing trade with Canada, 
D. Napier and Son, Ltd., has formed a 
Canadian subsidiary—D. Napier and Son 


(Canada), Ltd.—with its head office at 
4104 St. Catherine Street West, Montreal. 
The directors of the new company are 
Mr. H. Sammons (managing director of 
D. Napier and Son, Ltd.), president; Mr. 
L. A. Sanson (formerly Napier’s senior 
representative in Canada), executive vice- 
president; Mr. S. M. Finlayson (president, 
Canadian Marconi Co.); Mr. J. C. K. 
Shipp (vice-president, Napier Engines, 
Inc., U.S.A.); and Mr. H. B. Style (presi- 
dent, John Inglis Co., Ltd., Toronto). 


BRITANNIA SPARES.—Within the 
next few weeks a spares service for 
Bristol Britannia hydraulic and cabin air 
systems is to be introduced by Avica 
Equipment, Ltd., of Hemel Hempstead. 
Two spares kits containing more than 50 
assemblies each for these two systems 
have been dispatched to Canada for 


AIRCRAFT CONTROL.— 
Aerial head of the Marconi 
S.264 surveillance radar, 
mounted ona small building 
sunk below ground level 
which houses the trans- 
mitter, receiver and aerial- 
tuning gear. The first 
installation of this new 
radar will be at Jersey 
Airport, and the M.T.C.A. 
is to install the equipment 
at London Airport and later 
at Ringway. 


siting at Vancouver, which the largest 
maintenance base for Britannias in North 
America. 


MISSILE ELECTRONICS.—Some of 
the work which the electronics industry 
has undertaken for the British guided- 
missile programme will be described at a 
meeting of the British Institution of Radio 
Engineers on March 25. A half-day 
Symposium on Radio Telemetry is to be 
held at the London School of Hygiene 
and Tropical Medicine, Keppel Street. 
Gower Street, W.C.1, at which six papers 
will be read. The session, beginning at 
15.00 hrs., will be opened by an intro- 
ductory survey of the M.o.S. requirements 


in missile telemetry by an RAE. 
engineer. 
SURVEY CONTRACT. — Hunting 


Aerosurveys, Ltd., has been awarded an 
aerial-survey contract for the large-scale 
mapping of Addis Ababa, capital of 
Ethiopia. Aerial photographs will be 
taken to cover more than 200 sq. miles. 


* 
Company Notices 
NEW COMPANIES 

Airviews (M/C). Ltd. (620.264)—Private co. Reg. 
Feb. 4. Cap. £200 in £1 shs. Objects: To carry 
on the business of aerial surveyors and photo- 
graphers. etc. Directors: John B. Martin, * Trees.” 
Bailey Lane, Baguley. Ches.: Ralph LCLampreil, 
281 Manchester Rd.. West Timperiey, Ches. Sec.: 
J}. B. Martin Reg. Off.: Manchester Airport. 
Ringway, Ches. 

Aviation Engineering and Maintenance Co., Ltd. 
(620.201)}—Private co. Reg. Feb. 3. Cap. £100 in 
£1 shs. Objects: To carry on the business of manu- 
facturers, builders and repairers and maintainers 
of aircraft and/or marine craft. etc. Subscribers 


(each with one sh.): Col! L. MacDougall, solicitor. 
and Desmond L. Davis, managing clerk. both of 
4 Brick Court, Temple, London, E.C4. First 


directors not named. 

M.B. Aircraft Co., Ltd. (N.1. 4.200)}—Private co. 
Reg. in Belfast, Jan. 7. Cap. £10,000 in £1 shs. 
Obiects: To maintain and operate plants and 
establishments for the manufacture, testing and 
repairing of all kinds of aircraft, etc Directors: 
Robert V. Gregson. Belhaven, Whitehead; David 
R. Martin. 526 Antrim Rd., Belfast. Reg. Off.: 
Brands Buildings, 49 Donegall Place, Belfast. 

Rolls-Royce and Associates, Lid. (620,485)— 
Private co. Reg. Feb. 6. Cap. £250,000 in £1 shs. 
Ob‘ects: To carry on the business of making. 
releasing, storing. transmitting, converting. using. 
restoring and dealing in nuclear energy and design- 
ing and making apparatus utilizing the same, ships, 
automobiles, aircraft, rockets, machinery and 
apparatus moving or stationary powered thereby. 
and processes, articles and things ancillary or useful 
to all the above, etc. Subscribers (each with one 
sh. Rolls-Royce, Ltd., Nightingzie Rd., Derby; 
Vickers, Lid., Vickers House, Broadway, London, 
S.W.1; and Foster Wheeler, Ltd., 3 Ixworthy Place. 
London, S.W.3. So long as Rolls-Royce. Ltd. 
(and/or any assignee of shs. from Rolls-Ryce, 
Ltd.) hold not less than 52% of the issued shs., 
they may appoint and remove four directors (one 
to be chairman) and so long as Vickers, Ltd, and 
Foster Wheeler, Ltd. (and/or any assignee of shs. 
from these companies) hold 24% of the issued shs., 
they may appoint and remove two directors respec- 


directors not named. _ Soirs.: 
Vernon House, Sicilian 


tively. First 
Claremont Haynes and Co., 
Avenue, London, W.C.1. 


New Patents 
APPLICATIONS ACCEPTED 


811,523.—Smith and Sons (England), Lid.. S.— 
“* Navigational instruments.""—Nov. 8, 
1956 (Aug. 8, 1955) 

811,477.—Goodyear Aircraft Corporation.—* Air- 


craft having inflatable members.’’—Jan. 7, 
1957 (Feb. 10, 1956). 

811,514.—Sperry Gyroscope Co.. Lid.—** Control 
svstems for aircraft."—Jan. 22, 1957 
(Feb. 24, 1956). 

811,741.—Cleveland Pneumatic Too! Co.—** Aircraft 
landing gear lock mechanism."’"—July 16, 
1956 (Aug. 25, 1955) 

$11,455.—Rolls-Royee, Lad.—** 
pulsion purposes.”’—Feb. 19, 
27, 1956) 

811,538.—Schneider, E.—** Control 
blades of paddile-wheel rotors or pro- 
pellers.""—Jan. 8, 1957 (Jan. 11, 1956). 

Applications open to public inspection on 
—_ 8, 1959; opposition period expires on July 8, 


Jet nozzles for pro- 
1957 (Feb. 


device for 


Birth Notices 
Alexander.—On February 9, at R.A.F. Hospital, 
Cosford, to Phyllis (née Avery), wife of Fit. Le. 
D. A. M. Alexander—a daughter 


Atherley.—On February 12. at Cambridge 
Maternity Hospital, to Anne (née Swart), wife of 
Fit. Lt, D. M. K. Atherley—a daughter. 


«—On February 12, at Carlton Lodge, 
Harrogate, to Elizabeth (née Read), wife of Fit. Lt. 
R. Moulder—a_ daughter 


Rivett-Carnac.—On February 9, at Fulford 
Hospital, York, to Wendy (née Carr), wife of 
Gp. Capt. T. Rivett-Carnac—a son. 


Stevens.—On February 13, at Pembury Hospital, 
nr. Tunbridge Wells, to Joan (née Fripp), wife 
of the late Fit. Lt. W. H. Stevens (killed in a 
flying accident, June, 1958)}—a daughter. 


Aviation Calendar 


March 2.—-R.Ae.S. Derby Branch lecture, 
“Methods of Propulsion in Space,” by 
Dr. L. R. Shepherd, in the Rolls-Royce 
Welfare Hall, wt at 18.15 hrs. 

March 


2.—R.Ae.S. Henlow. Branch 


lecture, “* ae the Heat Barrier,’" by 
J. Taylor, Building 62, R.A.F. Technical 
College, Henlow, at 19.30 hrs. 


March 3.—R.Ac.S. Glasgow Branch 
lecture, ** Production of the English Electric 
P.1," by G. H. Taylor, in Room 24, 
R. College of Science and Technology, 
Glasgow, at 19.15 hrs. 

March 3.—R.Ac.S. Luton Branch lecture, 
** Missile Reliability,” by E. H. Ingomelis, 
in the Napier senior staff canteen, Luton 
Airport, at 18.15 hrs. 

March — 4. — R.Ae.S. Brough Branch 
lecture, “* Aircraft Carriers;” by J. (€ 
eeatnie (Admiralty). in the lecture hall, 
Electricity Offices, Ferensway, Hull, at 
19.30 hrs. 

March 4.—R.AcS. 
Students Section, A.G.M. 
in the library, 4 Hamilton Place, 
W.1, at 19.30 hrs. 

March 5.—R.Ac.S. 
Cheltenham Branch 


Graduates and 
and film show, 
London, 


Gloucester and 


lecture, “ Experiences 
of an Airline Pilot,” by Capt. O. P. Jones 
(B.O.A.C.), at St. Mary’s College, St. 


Cheltenham, at 19.30 hrs 
Main lecture at 
First Sir Richard 


George's Place, 
March 5.—R.Ac.S. 
London Airport Branch, 
Fairey Memorial Lecture, by G. W. Hal! 
(Fairey Aviation), at the Feltham Hotel, 
Feltham, at 18.45 hrs., followed by L.A.P 

Branch annual dinner at 20.00 hrs. 
March 6.—Helic. Assn. of G.B. lecture, 
“ The Place of the Helicopter in a Modern 


Army,” by Lt.-Col. . Mead (War 
Office), in the R.Ac.S. library, 4 Hamilton 
Place, London, W.1, at 18.00 hrs 


March Js —British Interplanetary Society 
“Radio Communication with a 

Probe.” by Dr. W. T. Blackbond 
., at Caxton Hall, Caxton Srreet, 
London, S.W.1, at 18.00 hrs 

March 9.—R.Ac.S. Halton Branch lecture 

* The Trans-Antarctic Expedition.”” by San 
Lar J. H. Lewis, at Branch H.Q., R.A.F 
Halton, at 18.45 hrs 

March 10.—R.Ac.S. lecture, ** Water and 
Ice in the Atmosphere,”” by R. F. Jones, 
in the library, 4 Hamilton Place, London, 
W.1, at 19.00 hrs. 

March 10.—R.Ac.S. Boscombe Down 
Branch, film show, in the lecture hall, A. 
and A.E.E.. Boscombe Down, at 17.45 hrs 


GOODYEAR MOVE.—The offices of 
the aviation division of the Goodyear 
Tyre and Rubber Co. (Great Britain), 
Ltd., have been transferred from Bush- 
bury, Wolverhampton, to more spacious 
premises at 8-9 Salop Street, Wolver- 
hampton. (Tel., Wolverhampton 27727.) 


RADIO AND’ ELECTRONICS. — 
The Radio Industry Council, which since 
1945 has been the co-ordinating body for 
four associations of manufacturers repre- 
senting all sections of the radio and elec- 
tronic industry, announces that as from 
January 1, 1959, it has ceased to include 
in its membership the _ Electronic 
Engineering Association. Membership 
of the E.E.A. consists of the leading 
British manufacturers of communications 
equipment, radar and other navigational 
aids, broadcasting transmitters, studio 
and outside broadcasting equipment, and 
electronic equipment for industry, includ- 
ing computers and data-processing 
equipment. 


NEW LAMINATIONS.—B. Attewell 
and Sons, Ltd., of Iver, Bucks, has pub- 
lished a new booklet describing the com- 
pany’s laminated aluminium, brass and 
steel. Available in shim or sheet form, 
the laminations, of .002 in. and .003 in. 
thickness, can be obtained metallic- and 
plastic-bonded for easy peeling. 


AUTO-DIESELS STARTER. — The 
caption to a photograph of the Auto- 
Diesels low-pressure air starter published 
in our February 6 issue stated incorrectly 
that this starter embodied a Rover gas 
turbine. In fact it uses a 250-h.p. gas 
turbine produced by the Standard Motor 
Co., Ltd. 
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The successful confpletion of the first series of free flight 
trials by the Short SC.1 VToL* jet research aircraft has made 
a significant advance towards the time when runways will be 
obsolescent. 

Shorts are now approaching the final phase of the SC.1 
development programme-—transition from hovering to forward 
flight and the reverse. A particular cause for satisfaction during 
the free flight trials was the precise control of height. This was 
made possible by the excellent handling characteristics of the 
Rolls-Royce KB.108 engines and the faultless performance of 


VTOL* 


Jet hovering under automatic control 


THE AEROPLANE 


the autostabiliser, which gives automatically controlled stab- 
ility during hovering before the wing-borne stage is reached. 
The autostabiliser embodies an automatic system of 3-axis 
gyro controls (triplicated for safety) using some of the air from 
the main supporting jet engines fed to control nozzles in wing 
tips, tail and nose. This unique autostabiliser control system 
has been developed in the experimental shops and laboratories 
at Shorts in Belfast-as indeed was the aircraft itself and the 
special gantry used for preliminary hovering. The development 
continues... 


= VERTICAL TAKE-OFF AND LANDING 


AT Shorts 
IDEAS 
TAKE SHAPE 
on time 


SHORT BROTHERS & HARLAND LIMITED - 


QUEENS 


ISLAND - BELFAST NORTHERN IRELAND 


The first manufacturers of aircraft in the world 
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are specialists in 
Perspex Shaping 
for Helicopters 
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™ Mass Reading Flowmeters — 
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In these days of rapid change it is evident that the Fleet Air 
Arm offers excellent opportunities to those who want to 
fly modern jet aircraft. 

This is a career for young men with initiative, resource- 
fulness and intelligence. If you have the right qualities you 
can enjoy an outstandingly well-paid, enjoyable and 
satisfying life as an aviator. 

You join on a 12 year engagement, and can apply later 
for your commission to be made permanent. A married 


de Havilland Sea Vixens over H.M.S. Victorious 


Pilot or Observer of 25, for example, can earn up to £1,700 
a year. There is a tax free gratuity of £4,000 after 12 
years’ service. Age limits:— Pilots 17-23, [fF 
Observers 17-26. 

It is an advantage to join the Fleet Air 
Arm as young as possible, so do not delay 
—write today for the free illustrated booklet | 
“Aircrew Commissions in the Royal Navy”, 
containing full details. 


wre 
Rove. wavy 


Fly as an Officer in the 


ROYAL NAVY 


Write to: The Admiralty D.N.R. (Officers) Dept. AP/ 12 Queen Anne’s Mansions, London, S.W.1 
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TITANIUM METAL & ALLOYS LTD 


LONDON £E.C.3. TEL: MANSION HOUSE 4521 
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Light «strong «corrosion-resistant 


TITANIU 


Most people concerned with metals know what it 
is but not everyone is aware of what it can do. If you 
feel that you: should know more about this light, 
strong and corrosion-resistant metal, then 

write for brochure on properties and forms to: 


2 METAL EXCHANGE BUILDINGS 


WORKS: SHEFFIELD 
“ROLLERS OF MODERN METALS” 


ENGLISH ELECTRIC AVIATION LTD 


CANBERRA & 
LIGHTNING AIRCRAFT 


Vacancies occur in the Aircraft Service Depart- 
ment for the following experienced personnel: 


1. HEADQUARTERS ENGINEERS 
specialising in Radar, Radio, Elec- 
tronics, Armament and Instruments 


2. SERVICING ENGINEERS; Airframe 
and Electrical 


3. REPAIR ENGINEERS; Fitters and 


Electricians 


All grades will be required to travel but 
servicing and repair engineers are required for 
“on site” work of considerable duration. 


Successful applicants will receive adequate 
training and instruction. 


Apply to 
C.P.S., 336/7 STRAND, LONDON, W.C.2 
quoting reference number A 1790B 
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“BRAUER CLAMPS” 


the answer to your holding probiems. 
Write or ‘phone today. 
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is the supreme lightweight 
high-temperature insulating material 


Refrasil skill and experience in 
light gauge stainless steel fabri- 
cation are at your disposal, too. 
You can find out about them 
from the same sources. 


REFRASIL insulating blankets, covered in cloth or stainless steel, are ideal 
for all types of gas turbine. They are used by Rolls-Royce, de Havilland, 
Bristol, Napier, Armstrong Siddeley and many other leading engine makers. 
Write for a detailed brochure to 


THE BRITISH REFRASIL CO. LTD., Stillington, Co. Durham. Telephone: Stillington 351 


Precision built 
by CORNERCROE T 
For the Bristol 


% 


“Britannia’ 


One of those jobs we are proud to do—and we 
think you will see this reflected in the very high 
standard of workmanship embodied in this bulkhead 
assembly, in fact, you'll see it in all Cornercroft 
work—in airframe assemblies and components, metal 
spinnings and pressings, sheet metal work, 

assembly and drill jigs, tools, checking gauges, 

etc. If you seek these standards, can we 
discuss your needs .. . a very complete 
engineering organization, including a 
great deal of experience and skill, is at 
your disposal. 


nc .273 


CORNERCROFT LIMITED (THE CORNERCROFT GROUP OF COMPANIES), ACE WORKS, COVENTRY TELEPHONE: COVENTRY 40561 
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THE AEROPLANE 


T MATERIALS LTD. 


TERIALS itp 


ne, 


FEBRUARY 27, 1959 


range of the company’s supplies of 
Materials to all approved Specifi- 
cations, A.G.S., A.S. and B.S. Standard 
Parts, “POP” rivets and POP riveting 
tools, Parachute Quick Release Mechanisms 
and Parts is available in sectional 
catalogue form. 


Fully released to A.I.D., A.R.B., 1A. & I.F.V. conditions. 


MIDLAND RD., LONDON, N.W.!I. TEL: EUSton 6151 (7 LINES) 


VICKERS 
VISCOUNT 


DE HAVILLAND 
COMET 


BRISTOL 
BRITANNIA 


FOLLAND 
GNAT 


CEAG LTD., BARNSLEY, YORKSHIRE 
Tel : 2208/9 Grams: Ceag 
London Office: CEAG LTD. ,92 Victoria St., Westminster, $.W.1 Tel: ViCtoria 2125/6 


Compiled by the Staff of ** The Aeroplane” 


1959 Edition 4} in. x 2 in. 75 pp. plus Diary. 55 illustrations. 


Rexine edition only available 


Obtainablc 
now at 4s. 3d. net trom 
Booksellers 
Postage 6d. each copy or by post 
from— 


TEMPLE PRESS LIMITED * BOWLING GREEN LANE, LONDON, E.C.! 


ENGLISH ELECTRIC 
WHETSTONE, NEAR LEICESTER 
wish to engage a number of young ENGINEERS in 
THE MECHANICAL ENGINEERING LABORATORIES 


] 

Y 

] 

] 

] 

’ 

, The appointments offer a unique opportunity for young Engineers 

7 to develop traditional methods and introduce originality to design. 

] and to stress and vibration analysis in a broad and interesting field of 

Y mechanical structures and prime movers. 

, Applicants should have a sound academic background, and at least 
three years experience. This should be orientated toward stressing 

] and structural design, or strength and properties of materials, or 

) vibrations, and should preferably have an experimental content. 

] Though the successful applicants would be recruited to the Mech- 
anical Engineering Laboratories, for those who wish, opportunities may 

. 8 > wi n 

‘ arise for favourable transfer to the Product Divisions of the Company. 

] 

] 

] 

. 


Please wriie giving details of education, qualifications and experience to 


Department C.P.8., Marconi House, 336/7 STRAND, LONDON, W.C.2 
quoting reference A1917F. 
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35 THE AEROPLANE 
‘The Aeroplane.” C 1% ( hs 
PRESS DAY: Classified Advertisements 2/-) on amount deposited. . 
must normally be received at Head Office BOX pte tmp Ep women desiring % 
IRST POST THURSDAY for the follow- to have replies sent care of! he Aeroplane ” ma t 
ing Friday week's issue. Lasbeninnte addi- Ww. S. SHACKLETON LTD do so on payment of 1/- to cover booking ond 
meg oe pe ee re accepted ge = moe eee all plus oa e nant — words. om 
fi t tisers to noon ver- SS ee u mus © us © purpose 
chedeneate eonsiead ene teen fora particular oo" ——— circularizing and the Proprietors do not under- 
issue are automatically inserted in the S take the distribution of such matter received. 
succeeding one unless instructions to the To avoid mistakes in forwarding, Box Numbers 


ived. should be carefully and legibly copied and replies j> 
RATES.-10d. por word Gnininem 12 words 10/-). Europe’s Leading Aircraft Brokers sent to Box A000, care of “ The Aeroplane,” } 


} 
Each paragraph charged separately and name and offer Bowling Green Lane, London, E.C.1. Ez 
address must be paid for. a —_— THE PROPRIETORS retain the right to refuse | 
£3-12-6 per single column inch. entred lines or withdraw advertisements at their discretion 
£1. Series discounts of 5% for 13, 10% for 26 PIPER SPRAYER and are not responsible for clerical or printers’ 
and 15% for 52 consecutive insertions, allowed to errors, although every care is taken to avoid 


trade advertisers. 

TERMS—Strictly net and prepayable. Monthly 
accounts for settlement by the end of the month 
following insertion are allowed to trade adver- 
tisers if satisfactory references are provided 
REMITTANCES—Cheques and postal orders 
should be crossed and made payable to TEMPLE 
PRESS LIMITED and instructions sent addressed 
to the Manager, “The Aeroplane,” Bowling 
Green Lane, London, E.C.1. 

DEPOSIT SYSTEM—Facilities are available to 
readers to purchase advertised goods through 


mistakes 

HEAD OFFICES: Bowling Green Lane, 

London, E.C.1, England. Telephone: Terminus 

3636. Telegrams: “ Pressimus London Telex.” . 
Telex: 23839 pyri 
BRANCH OFFICES: Bayliss House, Hurst 
Street, Birmingham, 5. Telephone: Midland 6616. 
50 Hertford Street, Coventry. Telephone: 
° Coventry 62464. 1 Brazennose Street, Manchester. 
Telephone: Deansgate 6114-8. 12 Renfield Street, 
Glasgow. Telephone: Glasgow Central 1413. 


The Farmers Weekly” photo 


Probably more widely used than any 


a . 5 . ‘ HIPMUNK T10 at Farnborough, Hants, and 
AIRCRAFT FOR SALE other light aircraft for Why e+ and 7 Anson £20 at Boscombe Down. For sale by 
pee 4 ing duties, the Piper PA.IBA prayer has tender returnable March 16, 1959 Apply to 
UNDAS, TD., Ministry of Supply, Directorate of Disposals, D.3A, 
R. K. D L proved its worth throughout the world. First Avenue House, High Holborn, London, W.C.1. 
IN U.K., US.A., THE papers gegen - Cheap and efficient to operate, safe to 478-3 
N U.K. we have currently a number of aircraft at » easy to maintain. smar a earanc i , 
attractive prices which ere sure to be sold or fly, ea yt aintai ’ mart in appe ne pot. ATEMA. Py et 7 engine, 12 
srice approach of the light flying and rugged in construction, this little oni ‘ » £1,450, ar offer. Delivery 
— se os “g mmend a number of , . = aed . approximately four wecks Several Tiger Moths 
ee gagged 9 ar Figg acroplane stands out in its class. available with current C. of A. Marshall, Christ- 
c ’ : : : 
Tiger Moths at around a a¥ Tayk noress It is with much pleasure that we offer aeting ~— — ee Se 
at £595 (going up to £630 on arc a sup - » ae anee me . 
Auster Alpine as new at £2,750, nearly £1,500 less three new aeroplanes of this type for 
than its list price, a nil-houred civil Chipmunk for immediate sale ex the United Kingdom Aircraft Wanted - 
ci, 06. & Gian SSS Seiner Soe. tee thee oe at £4,550 each, duty paid and fully saline : x 
a c € r - - 
E offer. in co-operation with our New | York equipped for spraying or dusting. TIGER MOTH. Valentine 4676. aan 
office. virtually any American aircraft you choo » : E » 
A 1953 Piper Tri-Pacer delivered U.K. for £2,100, : If required for use in the United ANTED..33 hen Cb eo s , 
a 1958 one similarly for £3,350 (70 hours since new, Kingdom, we will handle all formalities ws e and particulars Cash deal. ox rs 5. 
ee eee Se, Got’ Oe et concerning the import licence on your care of THE AFROPLANI 238-4 5090 
have recently arranged. . Sadiy. — A behalf. - . 
largely cannot yet nefit from this exceptions oe “* ; - » APIDE aircraft wanted, preferably with 12 months’ 
vice, which satisfied customers prove, but we wel- W. S. SHACKLETON LTD. R* and Gueen Ill engines. Marshall, 
come all inquiries, both for the present and oo 5 Ww ? Chr istchurch Aero lub, The Aerodrome, Christ- 
K. DUNDAS, LTD,, Dundas House, 59 Saint 5. Pi i ond ft church, Hants 479-x4990 
R. James's St., London, $.W.1 paess. pres Dos 175, } iccadilly, L oa, 1. 
3717 Cables, “ Dunduk, Piccy, London 78- PHONE: HYDe Park 2448-9 
| ae a ‘ 
FESS tn Be CABLE: “Shackhud, London” AIRCRAFT ACCESSORIES, SPARES : 


AND COMPONENTS ay 


gage Widgeon VP-KNV_ amphibian, six 


seats, Queen II engines, D.H. propeller. full OMPONENTS, spares and instruments for all 
comaiton, wg. jgart spares ‘avaiable, away Tia Micrass aise etcash lesa ook 
Seveon” ans. Whittemore (Acradio), Ltd., Croyees ‘ ec oydon te ‘ 
Airport, Surrey zz -682 OLLASONS are specialists in the overhaul - all : 
Ru ASONS for Tiger Moths. Croydon oS. Gipsy engines. Croydon $151 -659 : " 
ITCO FLIGHT AIDS, British and American - 
ROCTOR V G-AHBA, 44-channel V.H.F. fan Hempstead, Herts Beamoce aa oe Mor 


and range receivers Patching 37}, ore 5065 
R« PAIRC RAF f SERVICES. The Common. Cran- 

re Cranleigh 536 Instruments and 
Autop'! e Pane = test sales. Dakota and most other 
instruments from stock 121-644 


—aau LAIR, i . 


AIRCRAFT SALES AND FINANCING 
5 SPECIALISTS, PRESENT TO THE U.K. MARKET 


ae — aman 20. 


The most advanced single-engined light aircraft in 
the U.S. and the first to exceed the one-mile-per-hour 


HE REGIONAL AIR TRADING CO., Croydon 
Airport, for papide Spares of every description. , 
Phone, Croydon 85 222-663 


HILLIPS AND WHITE, LTD., 


FFER from stock a comprehensive range of new 
spares and components for the following engines: 
HEETAH IX. X and XV, de Havilland Gipsy, 


per horse-power ratio Major and Queen series a 

NSTRL MENTS and instrument parts, { i i 

Furthermore, it is the lowest-priced and most equ ——- electrical c mponents vad Bann goo ; ‘ 
economical aircraft in its class No other aircraft are also available from stock i. 


: tures QUEENS GARDENS, London W.2. Phone, 
combines all the following featur 61 Ambassador 8651, 2764, Cables, “ Gyrair, 


(1) 165 m.p.h. cruise on 150 h.p. Lycoming engine London.’ 222-670 


(2) 900 miles’ range 


IRFRAME spares for Dakotas, Harvards, Piper 


oe ee oe Cub, Fairchilds Argus. feechcraft, D-178 
. Mosquito, Spitfire, Firefly. Engine soares for Pratt 

) Excellent comfort for four adults, plus 120 Ib ’ 

(4 oo in separate compartment. & Whitney. Armstrong Siddeley, ‘Lycoming. ete” 


accessories and instruments for all types of aircraft. 
A J. WALTER, LTD., The Drive, Horley, Surrey. 

« Phone, Horley 1420 and 4294. Cables, 
“ Cubeng, London.” 478-9 


(5) Fully retractable tricycle undercarriage 
(6) Laminar-flow, low-wing design 


(7) Delivered new U.K., duty paid, £6,500 approx., 
with standard equipment 


Woe Fo | alanis 


Caan 


OLLASONS for Tiger Moth and Gipsy engine 
spares. Croydon 5151 272-658 


HELICOPTERS 


ELICOPTER SERVICES. LTD., offer their 
aircraft for all charter services. 96 Piccadilly, 
London, W.1. Gro $495-6 22-693 


ALL INQUIRIES TO SOLE U.K. DISTRIBUTORS 
ALSO AVAILABLE, A FEW RECOMMENDED 
BRITISH TYPES:— 


USTER Mark 4. three seats, many extras, new 
£1,125 


C. of A., 7 gar 
ESSE —, oS ivrus Major 3, low hours, new APPOINTMENTS BUREAUX mAs 
3 Se 2 PAN AVIA International Aeronautical Appoint- 
HIPMUNK. pena overhauled engine, C. of A. ments Bureau, 336 Kilburn High Rd, N.W.6. 
to 1960, £1,400. Mai 3142 478-17 
RAVELAIR, TD., 
T L CLOTHING ” 


115 OXFORD STREET, 
LONDON, W.1. 
Phone, Gerrard 3382. 478-18 


R A bE Officer’s uniforms for sale. and 
. ek ¢« reconditioned Fisher's, 86-88 “Went 
ton St., Woolwich. Phone 1055. 
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THE AEROPLANE 


CONSULTANTS 


R W. SUTTON (CONSULTANTS), LTD., 7 
ot d Piace, Cheltenh Phone aM} pons 


R. STOCKEN, F.R.AeS., Eagle House, 109 
«Jermyn St.. S.W.l. Whitehall 8863. 222-696 


ENGINES AND ENGINE SPARES 


IPSY MAJOR Mk. 10 and Mk. I engines, part- 
—— — oy your time-expired engine, 
or 


propellers ty light aircraft. Mitchell 
Aircraft, Lid., The yr: rport, Portsmouth. hone 
717641 222-689 


ENDAIR, Croydon Airport. offer all types of 
engines and spares from stock. Vendair, Croydon 
Airport. Croydon 5777 478-10 


HIRE AND CHARTER 


APIDES for hire or charter. A. J. Whittemore 
(Aeradio), Lid., Croydon Airport, Surrey. 


222-683 
—— 170 Wayfarer for Barthull Charter, 
er or freight, fitted 48 seats. Long term 


theres. Apply Shortcut Aviation, Ltd., Gogmess 
Ra. Whyt eae Surrey. Phone 8211. 8-15 


NOTICES 
Ale TRANSPORT A Pvisony (ouncit. 


E AIR TRANSPORT ADVISORY COUNCIL 

give notice that they have received under- 

tioned applications to operate scheduled air 
services :— 


FROM BRITISH EUROPEAN AIRWAYS 

CORPORATION, OF KEYLINE HOUSE, RUISLIP, 

MIDDLESEX:— 
APPLICATION NO. 2446 for a U.K. Internal 
Service initially with Dakota and Viscount aircraft 
and later also with Vanguard aircraft, for the 
carriage of passengers, supplementary freight and 
mail between Bournemouth (Hurn) and haa | at 
a frequency in accordance with traffic dema for 

0 years from date of approval. 

APPLICATION NO. 1558/1 for an amendment 
to the terms of approval of the All Freight Service 
which they are authorized to operate with DC3 


and Viscount aircraft between Southampton 
(Basticigh) and Jersey at a frequency in accordance 
with traffic nd until May 27, . SO as to 


permit them to operate instead — Bournemouth 
(Hurn) and Jerse 


These applications will be aaanene by a. ag 
under the of Reference issued to 
the Minister of Civil Aviation on July 0, 19st, 
Any representations or yoo with regard to 
these applications must be made in writing stating 
the reasons and must reach the Council within 14 days 
of the date of this advertisement, addressed to t 
cae ta pe Air Ray im Advisory Council, 3 Dean's 
Yard, Londo .1, from whom further details 
t saplications may be obtained. When an 
objection is made to an application by another air 
tra company on the grounds that they are 
applying to operate the route or part of route in 
question, their application, if not already submitted 
to the Council, should reach them within the period 
allow for the making representations or 
objections. 478-1 


PACKING AND SHIPPING 
R. AXP 7p,PARK, LTD. 143-9 Fenchurch St., 
ansion House 3083. Official 


use 
packers and }. 9 to the aircraft industry. 
zzz-674 


PHOTOGRAPHY 


EW American and British cameras, all types, also 
spares. G.S.A-P. gun cameras. E.W.S. Co., 69 
Church 487-8806 


RADIO AND RADAR 


PERRY Zero Reader, Type ZL1, course selectors, 
contro! panels, flight computers and indi ators, 
three complete installations in stock. A. J. Whitte- 

more (Acradio), Lid., Croydon Airport, Surrey 
2272-684 


TRI2D, Senee, STR9X and most other British 
and American V.H.F. R/T equipment always in 
stock., A.R. Ba “approved ow a installations into any 


type of aircraft. A. J. Whittemore (Aeradio), Lid., 
roydon Airport, Surrey. 222-685 


SITUATIONS VACANT 


ER Ac8.. A.R.B.Certs., A.M.1.Mech.E., etc., on 

pass, no fee” terms. Over 9 95% ‘successes. 

For getaite of exams. and courses in ali branches of 

aeronautical work, acro engines. mechanical engineer- 

<3 write for 148-page handbook—free. B.1.E.T. 
703), 29 Wright's Lane, London, W.8. 

222-690 


eyMouTs GAUGES AND INSTRUMENTS, 
su 


¢ laboratory for a deve. opment engineer, requ 
or electronic fuel-gauging equipment. Minimum 
qualification, Higher National Certificate or ¢ 
in electrical enginecring. Apply in writing to the 
Technical Executive, Waymouth Gauges and Instru- 
ments, Lid., Station Rd.. Godalming, . 
478-8804 


NSPECTOR required for flight shed, with experi- 
ence on military and civil aircraft. App'y letter 
stating experience. to Person Manager. i 
* Aircraft Co. Lid. Higher Denham, near 
Uxbridge, Middlesex. 


HPERIENCED Radio Engi 
licensed, with workshop and aircraft experience 
required for work at Southend Airport. 4 with 
full details to Chief Radio — ne B.K. rw 
ecering Ltd., Southend Airport 478-5 
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SOLDERING 
EQUIPMENT 


Ot an. 
PRECISION 
SOLDERING 
INSTRU WENTS 
for the 
ELECTRONICS 
INDUSTRY 


British and ee 
Pacents. Registered 
signe Suppliers to 
and Foreign Gov- 
ernments. Agents 
throughout the wor'd. 
in for Booklet No. 


Wlustrated is the 25 w. 
3/16 in. replaceable bit 
model with safety shield. 


Sole proprietors and 
manufacturers :— 


LIGHT 

SOLDERING 
DEVELOPMENTS 
LTD. 

106 George Street, 
Croydon, Surrey. 


Telephone: CROydon 8589. 
Telegrams: 
Litesold, Croydon. 


AIRCRAFT SPRING WASHERS 


To B.S. 
SPECIFICATION 
2 SP.47. 


CROSS MFG. CO. (1938) LTD. 


ee COMBE DOWN, BATH. 


CIBA (A.R.L.) LIMITED 


wish to make a new appointment of 


A TECHNICAL SALES 
REPRESENTATIVE 


for their Bonded Structures Division 


This excellent opportunity to work 
in an expanding organisation will 
interest salesmen who :— 
(a) have an H.N.C. or equivalent 
gualification in Mechanical 
ngineering 
(b) are aged about 22 to 26 
(c) have preferably some sales ex- 
perience and 
(4) are determined to make selling 
their career 
andidates, who should be free to travel in the United 
and abroad, wil! find —— 


C= are @ 
send full detail CIBA vARL) LIMITED, 
DUXFORD. CAMBRIDGE 


FEBRUARY 27, 1959 


INISTRY OF TRANSPORT AND CIVIL 

AVIATION. Senior Inspectors of Accidents 
(Civil Aviation): two posts in London for men at 
least 30 on 1.1.59. One post established and pen- 
sionable, the other unestablished, but may become 
pensionable later. Qualifications: Airline Transport 
or Senior Commercial Pilot’s licence and considerable 
flying including at least 1,000 hours as pilot in 
command. Knowledge of acronautical engineering 
necessary, normally to standard required for aircraft 
engineer's licence; lower if specialized knowledge of 
navigation offered Salary scale £1,720-£1,935 Pro- 
motion prospects. Write Civil Service Commission, 
17 North Audley St.. London, W.1, for application 
form quoting $4937/59. Closing date March 17 
1959. 78-4 


ent ENGINEERS 
pe cueean AND enw A™ RAFT, 
TD., 


BROUGH, YORKSHIRE 
REQUIRE FOR WORK ON THE N.A.39: 
|: _eialaaaieas Gewuse | | acrameenae 
Applicants should have had recent experience on 


modern high speed aircraft, and should preferably be 
educated up to H.N.C. standard 

These are staff positions with contributory pension 
and free life assurance benefits 


APPLICATIONS, PLEASE, TO:— 


= peensownat. et sce R 


AT THE ABOVE ADDRESS. 
478-8801 


ERSEY AIRLINES require an Electrical Engineer 
licensed in Category “X”™ for work on aircraft 
and “<a - x overhaul; good salary and condi- 


tions. Ap in writing, giving full details to The 

Personne! Slanserr. Jersey Aijrlines, The Airport 

Jersey, I. 478-7 
‘_ cat Wwe! TER 

A TECHNICAL WRITER WITH A GOOD 


GENERAL EDUCATION AND A KNOWLEDGE 

OF ELECTRONICS, MATHEMATICS AND 

MECHANICS IS REQUIRED TO TAKE A 
SPECIALIST APPOINTMENT IN THE 


(rosswantes A ION yr. 


He should have experience of technical writing and 
aiso have worked in electronics laboratories 


Some knowledge of preparation of publications 
applicable to the aircraft industry would 
advantage. 


PLEASE WRITE 10 


THE PERSONNEL MANAGER (REF. 068). 
pesevers ROTHERS (LONDON), | Pate 


ELSTREE WAY, 
BOREHAMWOOD, HERTS 478-8 


ENIOR_ Scientific Officers (a); Scientific Officers 

(bd). Pensionabdle posts for men or women in all 
major scientific fields, including physics, chemistry. 
bioiogy., meteorology and mathematics Age limits 
(a) at least 26 and under 3!, (b) at least 21 and 
under 28. Extension for reguiar Forces Service and 
Overseas Civil Service. Qualifications: Normally first- 
or sccond-class honours degree in science, mathe- 
matics or engineering, or equivalent attainment; addi- 
tionally for (a), at least three years’ relevant (c.g., 
post-graduate) experience. London salaries (men): 
(a) SS (b) £635-£1,110; provis.on for start- 
ing pay minimum. Promotion prospects 
Write Civil Service Commission, 17 North Audicy 
St. 5 for application form, quoting (a) 
$53/59, <b) $52/59. 478-2 


OVERNMENT OF JAMAICA. 


SENIOR EXECUTIVE ENGINEER CIVIL 
AVIATION DEPARTMENT. 


be responsible for the maintenance of all airport 
facilities at the Palisadoes and Montego Bay air- 
ports, including the direction and supervision of staff. 
hold a watching brief on new construction work, and 
edvise Government, through the Director of Civil 
Aviation, on and prepare drawings, specifications and 
contracts tor minor additions and alterations to 
airport facilities. 
ONTRACT appointment for one tour of three 
years. Salary £1,750 p. Gratuity 20% of 
salary for each period of three months’ resident service 
Free passages. Quarters at moderate rent. 
anpepe ll, not over 50 years of age, must be 
M.LE.E., with a fair knowledge of mechanical 
wot ro at least five years’ experience in airfield 
electrical and mechanical work, including electrical, 
refrigeration and mechanical services used at airports. 
RITE Director of Recruitment, Colonial Office. 
n, S.W.1_ stating briefly see, qeeications 
and experience, quoting BCD98/ 32/0 78-12 


ECHANICAL designer with aircraft experience 
required. Able to_supervise schemes and con- 
duc’ correspondence. Box A751, care of THe 
AEROPLANE. 478-16 


NGINEER A and C light types required, Lanca- 
shire resort, good wages. Box A784, care A THE 
AEROPLANE. 478-x5091 
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SMITHS ~sr2" ernom 


has a vacancy for a further 


TECHNICAL INSTRUCTOR 


owing to the growing demands for 
training. 


The Duties will include lecturing on 
repair and overhaul of the whole range 
of the Company’s Instruments and fuel 
gauging systems, preparation of appropri- 
ate lecture notes and practical demonstra- 
tion of repair and overhaul procedures. 


Applicants should have experience in 
repair and overhaul in the field and, 
preferably, possess an * X° licence in the 
instrument category. Previous applicants 
please note they have already been 
considered for this post. 


Write for application forms to 
Divisional Personne! Manager 
S. SMITH & SONS (ENGLAND) LTD 
BISHOP’S CLEEVE, NR. CHELTENHAM 
GLOs. 


TECHNICAL REPRESENTATIVE 


required by well-known firm of Sub-contractors 
to the Aircraft and Aero-engine industry, only 
men with intimate knowledge of the industry 
and its personnel need apply, sound technical 
background and good personality essential 
Applications will be treated with strict confidence 
and should be addressed to :— 

The Managing Director, J. R. Bramah & Co. Ltd., 

Devonshire Street, Sheffield, 3 


AIRCRAFT ENGINEERING 
COMPANY 
London Area 
requires :— 


(a) Engineers holding A and/or C licences for 

upervisory and Junior Supervisory duties. 
Electrical Supervisor with sound experience 
of aircraft electrics. 


(b 


(c 


Aircraft Instrument Engineer holding ‘X' 
licence or with qualifications to that standard. 
Knowledge electrical instruments essential. 


(d) Male Senior Clerical Supervisor for aircra‘t 
maintenance records. Should have had 
previous experience. 


Write Box A752, LPE, Romano House, 
399/401, Strand, London, W.C.2 


MARS HALL 
AIRPORT WORKS CAMBRIDGE 
AIRCRAFT DESIGN AND 
DRAWING OFFICE 

Require the following staff :— 


TECHNICAL ILLUSTRATORS 
CIRCUIT DRAUGHTSMEN 


(ELECTRONIC) 
CIRCUIT DRAUGHTSMEN 
(ELECTRICAL) 


ELECTRICAL AUTHORS 
ELECTRONIC AUTHORS 


Good long term prospects on interesting 
new projects. 
Written applications in the first instance 
with full particulars age, experience, 
etc., to :— 


PERSONNEL MANAGER 


—— ee 


ow 
37 
X-R.A.F. radar mechanic, with experience on GEE 


and REBECCA, required for ist and 2nd line 
aircraft servicing Apply, Chief Engineer, R.A.F 
Booker, Marlow, Bucks 478-13 
AN-AIR ENGINEERING, LTD., require “X” 


licensed instrument engineer to take charge of 
instrument overhaul shop and a rcraft maintenance 


Please apply, Chief Engineer, Hangar 83, Lasham 
Airfield, Alton, Hants 479-8808 
SITUATIONS WANTED 

ERMAN pilot, British C.P.L.. 1,600 hr., Rt -4 and 

fiking, seeks job anywhere Box 83. care 

of Te AEROPLANE 478-14 

ELICOPTER pilot, 1,000 hr., mainly Bells, British 
licensed 


returning from East late April Box 
A782. care of THE AEROPLANE 479-x5033 


ILOT (30) CPL LR 400 hr. GR II Dakota and 


rist 70 seeks p m home or overseas Box 
A781 R THe AEROPLANE 478-x5066 
TUITION 

XE a eR AIRPORT. LTD Courses for Commercial 
Pil Licence, from £625: Private Pilot’s Licence 
trom e101 Ss Contract rate for solo flying, Austers 
and Tigers, £2 7s. 6d. per hr.; normal dual/solo 
rates £3 7s. 6d. per hr twin conversions, £6 12s 
per h Chipmunk a 5s per hr Messenger 
£4 18s 6d per Limited accommodation 
£5 15.. 6d. per week 5 oe Airport, Fxeter. Phone 
67433 222-680 


A AYS AE RO SSOCIATIONS, | Pains ° 
CROYDON AIRPORT 


T.C.A.-APPROVED P.P.L., C.P.L I/R courses 
n tee f Chipmunks, also Consul and Proctor 
L.S M 


aircraft equipped with and A.D.F. for 
rating work, at noes ive comtract rates. Full-time Lin 
Section. Specialist instruction Inquiries invited 
Phone, C roydon. 93 O8 222-671 


EARN to fly, £32; instructor’s licences and instru- 
ment flying for £3 15s. per hour: might flying, 

£4 15s. per hour Residence 6 gns. weekly Approved 
M.T.C.A Pets ate Pilot's Licence Course Specialized 
cours: for ommercial Pilot's Licence Wiltshire 
School of Flying, itd. Thruxton Aerodrome (Andover 
Junction 1 hr min. from Waterloo), Hants 
zzz 


IVIL pilot-navigator licences 


VIGATION. LTD., provides full-time or postal 


uition Or a combination of either of these 
methods to suit individua! requirements, for the above 
Classroom instruction can be provided for 
General, certain specific types and perform- 
examinations ink Training Dept 
4 


Fo® ful] details apply to the Principal, 
VIGATION, TD., 
30 CENTRAL CHAMBERS, 
EALING BROADWAY, 
LONDON. W.5 
Phone, Ealing 8949. 222-669 


ORLEY AVIATION, LTD. (Herts and Essex 

Acro Club 1958). Aerodrome. Stapleford 
M.C.A.-approved private pilot’s licence course, Auster, 
Gemini and Tiger aircraft; trial lesson 35s.; 15 miles 
London Central Line Underground to 
Theydon Bois, bus 250 to club; open every day 
Phone, Stapleford 257 222-695 


| hy to fly for only £7 deposit and train to 
Private Pilot's Licence standard before making 
further payment At last, through our unique credit 
scheme flying is within reach of all who wish to 
learn Once again we lead; no doubt others will 
foliow! Details from the Chief Instructor, Elstree 
Aerodrome, Herts 479-8807 


URAsY ELYING. <UUP. Surrey and Kent Flying 

lub, Big ger, Hornet and Leopard 

Mor SS Cc hipesenk oa Preaiies Green Line 705 direct 
in one hour from London. Biggin Hill 2255 

478-694 


OUTHEND-ON-SEA MUNICIPAL FLYING 
SCHOOL. Commercial and private pilot training 
i gy ing-link-radio-technical courses, C.P.L., £:1; 
A.L.T £17; Auster and Chipmunks, from £3 [5s 
No Goeieers fee or subscription. The 


Municipal 
Airport, Southend-on-Sea, Essex. 


Rochford seas 
8-673 


BOOKS AND PUBLICATIONS 


ORLD’S largest stock of old aviation books 
(over 15,000) Catalogue free Top price paid 
for Janes, any year. World War 1 and other aviation 
books. Stuart, Fairlight Hall, Hastings 2zz-681 


HE AEROPLANE” DIARY, 1959 

oy the staff of THe AgRorLane. Contains brief 
specifications of British civil, military and research 
aircraft (48 of which are illustrated)), lists of British 
aircraft and acro-engine constructors. organizations, 
flying records, Royal Air Force Commands, and a 
vocabulary of acronautical terms in six languages 
Illustrated, 75 pages plus diary, 4s. 3d. net (Rexine) 
(including purchase tax) from booksellers, or by post 
4s. 9d. from the publishers, Temple Press Limited, 
Bowling Green Lane, London, E.C.1 Zaz 


Compiled 


= HE AEROPLANE” PICTORIAL 
(No. 3) Compiled by the staff 
AEROPLANE This is the third annual miscellany of 
illustrations to appear in THE AEROPLANE. and covers 
every facet of acronautics, including missiles 
Explanatory captions provide a unique account of the 
highlights of aviation for the year ending autumn 


REVIEW 
of THE 


1958 Over 250 Rw ~4 pages. 10s. 6d. net 
from booksellers, or iis post from the pub- 
lishers. 


Temple Press Limited. ‘Bowling Green ae. 
London, E.C.1 zz 


THE AEROPLANE 


The 
Royal 
Air Force 


PILOTS, NAVIGATORS AND AIR ELEC- 
TRONICS OFFICERS COMMISSIONS IN 
THE GENERAL DUTIES BRANCH 


Vacancies now exist for fit young men 
of character and good education and 
who are capable of taking responsi- 
bility, to train as pilots, navigators or 
air electronics officers in the general 
duties branch of the Royal Air Force. 


Methods of Entry 


University Entry.—University graduates may 
enter on permanent or four-year short-service 
commissions. Permanent commissions carry 
an ante-date. University students may be 
accepted subject to graduation. Age limits— 
19to 24. (26 for Short-Service Commissions.) 


Direct Commissions.—The Direct commission 
scheme offers the choice of a permanent career 
leading to a pension, or a twelve-year com- 
mission with the option of leaving after eight 
years. Age limits—174 to 25. 


Short-Service Commissions.—The short-service 
commission is for five years and there are 
opportunities for transfer to either form of 
direct commission. Age limits—174 to 21. 


Pay and Gratuities.—Pay is high and terminal 
gratuities are generous. For example, a Flight 
Lieutenant of 25 can earn, with full allowances, 
nearly £1,700 a year. The tax-free gratuity 
paid at the end of a twelve-year commission 
is £4,000. 


Write for further details, stating age and educa- 
tion, and the method of entry in which you are 
interested, to the Air Ministry, Dept. AP 30b 
Adastral House, London, W.C.1. 


WIRE 
THREAD 
INSERTS 


FOR NEW DESIGNS & SALVAGE 
The Cross Wire Thread insert is a coil 
of wire having a thread form both inthe 
bore and on the outside diameter. It 
screws into a tapped hole larger than 
the normal size, has a slight springy 
interference fic with its mating part 
and provides a hard smooth thread that 
will neither come out nor wear out. 


CROSS mrc. co. (1938) LTD. 


COMBE DOWN, BATH Tel.: COMBE DOWN 2355/8 
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Charlies Sims, . Nt yy # yf “ SERIES for 
a preface by Air Chief s * Aircraft by F. G. 
Robb ws 2 more than 30 years Charles Sims, chief Pe 1 of THe p.m, Ry, This new series 2 
ographer of THE AfROPLANE and one of Britain's has been written by specialist authors for intelligent tl 0 
t-known acrial photogse has watched the boys between the ages of 10 and 16. In “ Aircraft and 
amazing growth of Brith ‘on from a ring-side Air Power” the author surveys modern military flying 
seat this book he rec¥¥is with pen and camera, and includes chapters on combat aircraft, scientific . 
enlivened with anecdote, some of his many memories, aids and missiles. Other titles in this series are 
of those eventful days. Illustrated, 218 coat el 25s. “ Motorcars,” “* Locomotives” and “ Saige and Ship- 
net from booksellers, or 26s. 6d. by from the u 112 pages, 10s met from 
lishers, tenets Press Limited, Bowling "Green booksellers, or Is by post from the publishers, 
ane, London Temple Press Limtieds ‘Bowling Green Lane, London, 
NTERPLANETARY FLIGHT (Grd Impression), by “ aaapaet ™z | BRAND NEW AND RELEASED 
solved before space travel becomes a reality and the PRICES SENT ON REQUEST 
form rockets ond egoceiee — come cneeeated, ed all B hW 
169 pages, 9s. net from ksellers, or OO £ : . i i iti i ir- 
by post from the publishers, orks Press ne, a ~~" Having acquir ‘ “soe est Indian Air 
Bowling Green Lane, London, E.C.1 GINEERS ways and Central African Airways spares, 
ODERN AIRCRAFT DESION, by 9. %. Navin 14 4-PAGE BOOK we can offer ee of most components 
provi technicians in allied industries wi an iti : 
account of the wide background knowledge behind Dull detatia of the enciect ond Guichest ex stock at extremely competitive prices. 
the design of modern aircraft. Illustrated, 128 pages, 7% way to prepare for A.F.R.Ae.S., A.R. 
9s. 6d. net from booksellers, or 10s. 2d. by post from 4 Licences, B.Sc.(Eng.), A.M.1. Mech. Fs City 
the publishers, fomee Press Limited, Bowling Green & Guilds, and hundreds of Home Stud 
Lane, London, E. uaz = Courses in all branches of Aeronautical, AIRLINE AIR § R 
HE EXPLORATION OF SPACE (First Cheap eee LS thetie ote are aie e 
Edition), by Art Provides answers this valuable book. Our Courses have been 
to the many Ke Sie <latetiigent layman asks approved by Royal Aeronautical Society 
pom = old in all edit — ey sued, 2 oo == and many B.1.E.T. Students have obtained 
c so in @ editions. ra pages ey “in os : 
is. Gd. net from booksellers, or 9. 5d. ng from ; First Places in the A.F.R.Ae.S. Exams. SOUTHEND AIRPORT 
the re. renee Press Limited, Bowli =o fe We definitely Guarantee SOUTHEND-ON-SEA, ESSEX 
Telephone : Telex : 
RINCIPLES OF HELICOPTER ENGINEERING NO PASS—NO FEE 
by Jacob Shapiro. This comprehensive review of A of fais enlightening Guide to ROCHIGRS Hien S080-3-3 we 
the engineering principles governing the design and well Oa pos ts will be sent on request— a 
eguetraction of helicopters prov des a complete survey FREE! Wrete: B.LE.T., 295a COLLEGE HOUSE, For A.O G. services after office hours : 
By Ah ELS yy F- 29-31, WRIGHT'S LAWE, LONDON, W.8. Telephone Mr. Edwards, Southend 47828; 
} ae the publishers, ar Press Limited, Bowlin; ing BP ; OLO Mr. Noble, Southend 43863. 
Green Lane, London, E 


Rubbaglex Sheeting Impervious to 

is processed on 100°, Aromatic Hydro RUBBAGLAS 
pure glass cloth, has Carbons. Highly : ' 
very thigh tensile recommended _ for TD 

strength, is rot proof aK Gaskets, Washers 

and combines flex- Jointings, Dia- 

ibility and resiliency phragms, S eevings, 

with non-stretching also Floating Root 

— ne aie  < properties. Tank Seals, etc. 
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Name Page Name Page Name Page 
a D MM 
Abbey Panel & Sheet Metal Co., Ltd., The 4 De Havilland Aircraft Co., Ltd., The Front Cover Mershalle Flying School, ied. .. .. .. 37 
Aircraft Materials, Ltd. 34 De Havilland Aircraft of Canada, Ltd., The .. 16 Morsin-Beher Aircraft Co.,ied. .. .. 19 
Airline Air Spares, Led. 38 Delaney Gallay, Ltd. ie ss od ca Pp 
Airscrew & jicwood Co., Led., The 28 Peto and Redford PS if - a 
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a ti Whitworth, Sir W. G., Aircraft, oe English Electric Co., Ltd., The oo 32, 34 R 
: et Electric Co., Led., The (Aircraft Redifon, Ltd. du ‘ pa i 
vision) .. ° * ** * 7 Rotax, Ltd. .. - ‘teat Front Cover & 1 
B . Rubbaglas, itd. .. ed om oe ra 
Baines, C. O. H., Led. 23 ’ a 
ailinnh Rieu bad 7 Fairey Aviation Co.,Ltd., The .. aia aa s 
Box A752 ; 2 7 Ferranti, Led. re. ’ Pe - re Shackleton, W.S., Ltd. .. ea * ata 
Bramah, j. R., & Co., coals i ty ns 7 Fischer Bearings Co., Led. i a ~~ Shore Bros. & Harland, Ltd... we a 
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Grown, $.G.ed... .. «. «. +. 9 : Titanium Metals and Alloys, Ltd. .. .. 32 
High Duty Alloys, Led. ae a) & Teldec: Gelets Giana Ca. 06 30 
ES are: Pe | oe. 
c 
u 
Ceag,icd. .. od 34 ' ‘ , , 
Gente Office - Petit Be Reva pr e Integral, Led. ie “* - is . 30 United Aircraft Corporation .. ‘ ae 
Force Recruiting 5 ‘ 
Central Office of Information — Royal Navy, ee ae * v 
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Bonded Aircraft Structures 


THE AEROPLANE 


CIBA (A.R.L.) Limited have published in book form all the information made available during the 
Conference at Cambridge on Bonded Aircraft Structures. The sixteen papers read by the world’s leading 
technologists on this subject are printed in full, together with a foreword by Sir William Farren, Technical 
Director, A. V. Roe & Co. Ltd; and formerly Director of the R.A.E., Farnborough. The book, which has 
more than 180 pages, contains all the drawings and photographs used by the lecturers, making it the most 


comprehensive work of its type available. 


FOREWORD 
Sir William Farren, Technical Director, 
A. V. Roe & Co. Ltd., and formerly Director, 
Royal Aircraft Establishment, Farnborough. 


FUNDAMENTALS OF ADHESION 
N. A. de Bruyne, 
Managing Director, CIBA (A.R.L.) Limited. 


DESIGN ASPECTS OF BONDED STRUCTURES 1 
O. Ljungstr6m, 
Assistant Project Engineer, 
Svenska Aeroplan Aktiebolaget, Sweden. 


DESIGN ASPECTS OF BONDED STRUCTURES 2 
Edw. J. Van Beek, 
Chief of Structures, N.V. Koninklijke Nederlandse 
Vliegtuigenfabriek Fokker, Holland. 


PRESS BONDING 
H. Povey, 
Director, 
The de Havilland Aircraft Co. Ltd. 


AUTOCLAVE BONDING 
N. Evans, 
Chief Chemist, 
Bristol Aircraft Limited. 


VACUUM TABLE BONDING 
D. Winter, 
*“Redux’ Bonding Department, 
Fairchild Aircraft Division, U.S.A. 


PRODUCTION TOOLS FOR ‘REDUX’ 
R. J. Schliekelmann, 
Head of Production Research Department, 
N.V. Koninklijke Nederlandse 
Vliegtuigenfabriek Fokker, Holland. 


TOOLS FOR BONDING 
H. T. Duffy, 
Assistant Chief Production Engineer, 
Short Bros. & Harland Ltd., Belfast. 


PRODUCTION BONDING WITH 
‘ARALDITE’ 
C. Thomas, 
Chief of Structures, Sud-Aviation, Société Nationale 
de Constructions Aéronautiques, France. 


DESIGN & TESTING OF 
HONEYCOMB-CORED STRUCTURES 

Bryan R. Noton, 

Senior Scientific Officer, 

Aeronautical Research Institute of Sweden. 


HONEYCOMB-CORED STRUCTURES 
A. Holt, 
Head of Process Development, 
A. V. Roe & Co. Ltd. 


BONDING OF AIRCRAFT MAGNESIUM 
ASSEMBLIES WITH *‘ REDUX’ ADHESIVE 
B. A. Forcht, 
Structures Materials Engineer, 
Chance Vought Aircraft Inc., Texas. 


THE USE OF ‘ARALDITE’ FOR MAKING 
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R. H. Wilson, 
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R. F. Blackwell, 
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BONDED AIRCRAFT STRUCTURES’ 


is obtainable for 52/6 post free, 


from Publicity Department, 


CIBA (A.R.L.) LTD. 


DUXFORD, CAMBRIDGE, ENGLAND 
Telephone : Sawston us 420 


ea neo te 
~ ghee ea Pee hy 
eee al 
: “ a eG me at 
ee 
Sams: > Ae ; : a ee = fe A oe i ieee = = “asia = nites eats 5 tS 
, “ paras e Pree Soa “3 = ee ~ = = Das =a . ee Pete xe eis. how el 
eran. Se eee eR ee. EE Seen SS meme TEES meee eS ae a ee 
dig 
4 ‘i 
gis e 
Dah 
a i a lS a “aN 
Cig 
eal 
Pie 
Te 
ee 
eh 
oor 
age: 
> 
a 
; " 
| Pe ee “i 
‘ 
Va 
Ye ih 
nf 
ae 
pai 
2 
oh oe 
mas 
: SAS 
ren 
et 
pe | a 7 
| ® 
| ae 
| Ds 
or 
were | es 
Beg 4 date 
a nj et 
oo t se dae 
<r : aw 
we \ nye 
: ; 
- * .) - 
, <<. oe 
}, — 4 ne 
¢ 3 *% c be 
ly ; ‘4 
é Bs 
q%, : She 
4 f ae 
v o - 
} ’ 
i" 38 
Ui % aD 
j b aff i 
y ‘ i ag 
‘ 4) <a “sits 
+ - Bate 
ak rt 
2a. a 
S L- 
Bo “2 ieee 
Soe 
ey a 
PO a 
ai 
aur 
: oA 
A 
if 
es, 
cae 
ue 36) 
7 ae ~ ; Boe ae e - eae 
‘ 2 4 ae Bee ante 
ee 
ee = Se 


No. 2478 


ir 


THE AEROPLANE 
FEB. 27, 1959 


RECORD RATE OF INCREASE OF PROTEUS OVERHAI | 


Proteus 705 series achieves 


2,000 HOURS 


in under two years’ service 


Proteus first entered airline service less than two years 
ago. Overhaul life on the 705 series has now reached 2,000 
hours—a rate of increase never before achieved by any engine, 
piston or gas turbine. No engine of comparable power in 
service today has an overhaul life that even approaches 
this length. Annual engine overhaul costs for BOAC’s 
Britannia 102 aircraft have now been cut by 75 °% since the 
aircraft went into service. 

Continued development, even lower fuel consumption 
Further increases will give Proteus even longer overhaul 
life, entailing even lower operating costs. In addition, new 
versions of this engine—which already has a lower specific 
fuel consumption than any other gas turbine in civil or 
military use—are now giving even more power at an even 
lower specific fuel consumption. 


Over 2} million miles a month in world service 

Every day, all over the world, Proteus-powered Britannias 
fly more than 80,000 miles (24 million miles a month), 
carrying passengers in quiet, speedy luxury, carrying a 
great variety of freight loads, and bringing profit to 


Bristol 
x pee il 
Siddeley 


ENGINES LIMITED 
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